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EFFECTS OF POLLUTION ON ESTUARINE ECOSYSTEMS 
I. EFFECTS OF EFFLUENTS FROM WOOD-PROCESSING 
INDUSTRIES ON THE HYDROGRAPHY, BOTTOM AND 
FAUNA OF SALTKÄLLEFJORD (W. SWEDEN) 
Pauli Bagge 
Institute of Marine Research, Helsinki 14, Finland 
(Kristineberg Zoological Station, Fiskebäckskil, Sweden) 
The hydrography, bottom and fauna of the innermost parts of Gulimar Fjord, 
a semi-enclosed inlet situated on the west coast of Sweden, were studied during 
the years 1964-65. The main investigation area (Saltkällefjord) has received 
effluents from a sulphite pulp and paper mill over a period of more than 80 
years. In 1964 the discharge of effluents from the factories at Munkedal via 
the River örekilsäly into the fjord amounted to about 60 000 m3 per day. 
The main part of the wastes consisted of sulphite waste liquor (SWL), but 
the effluent contained also particulate material. Communal sewage was also 
discharged into the fjord from the settlements beside the river. 
SWL was found to interfere with the following properties of the water: 
pH, oxygen content, chemical and biochemical oxygen demand and trans-
parency. The influence of the effluents on the environmental factors and 
the fauna of the fjord was revealed by such features as: 1. an increase in 
the organic content and bacterial activity in both the water and the sediment 
(indicated by high BOD values), 2. a decline in the littoral fauna and 
vegetation (especially in the Balans zone), 3. low and fluctuating oxygen 
values, 4. macrofauna] communities differing from those reported in earlier 
investigations of the area, 5. high numbers of saprobic ciliates on heavily 
polluted bottoms, and 6. the predominance of limivorous (non-selective 
deposit-feeding) deep-burrowing species in polluted localities. The selective 
effect of pollution on the fauna was evident in both qualitative and quan-
titative changes, the distribution of the communities and the decreased 
diversity of the fauna in polluted areas. The development of the animal 
associations typical of polluted habitats on the west and south coast of 
Sweden is discussed in the light of some examples. 
1 INTRODUCTION 
The discharge of different effluents into marine waters has created serious problems 
for fishery and coastal communities and constitutes a threat to public health all over 
the world. In Fennoscandia, the forest industries have an especially marked influence 
on the natural balance in coastal waters, particularly at the mouths of rivers, where 
this kind of industry tends to concentrate. 
The effluents from sulphite pulp and paper mills contain a substantial proportion 
of toxic and oxygen-consuming substances. The weakness or absence of tides on 
the coasts of Sweden together with ice which forms on the bays and firths in winter 
may favour an accumulation of these substances which can disturb the natural balance 
of the ecosystems. 
In this investigation the hydrography, bottom and fauna of the innermost parts 
of Gullmar Fjord were studied, and an attempt was made to elucidate the effect 
of effluents discharged from a sulphite pulp and paper mill at Munkedal via the 
River Örekilsäly (River Kvistrum) into Saltkällefjord. A further aim was to find 
out which animal species or communities (associations) function as indicators of the 
quality of the water and the bottoms, especially when these are polluted. 
The history of the studies of coastal pollution in the Baltic—Skagerak region 
is discussed by Tulkki (1967 and 1968), among others, and by Bagge, Eliason, Swed-
mark and Tulkki (unpublished). 
The hydrography and fauna of Gullmar Fjord have been the subjects of several 
investigations since the foundation of the Kristineberg Zoological Station in 1877. 
Apart from the many autecological studies carried out in this area, the marine com-
munities (associations) have been discussed at length by Molander (1928 and 1962), 
Gislen (1930) and Lindroth (1935). These earlier studies provide a good basis for 
comparisons and evaluations of the long-term changes in the communities. Studies 
of the marinbiology and hydrography of the fjord and adjacent waters were started 
at the beginning of the nineteenth century. Daily hydrographic measurements have 
been made at the Bornö Hydrographic Station since 1900. Moreover, seasonal 
hydrographic investigations in the inlets of Bohuslän are carried out by the Swedish 
Fishery Board. A preliminary investigation of the effects of pollution on the rivers 
Örekilsäly and Dinglebäck and on the innermost parts of Saltkällefjord was made 
by »Statens Vatteninspektion», Drottningholm, in autumn 1963. Leppäkoski (1968) 
has made investigations of the interstitial conditions of the sediments and given a 
short description of the fauna of Saltkällefjord after the cessation of the sulphite 
pulp mill (in 1966). 
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2 MATERIAL AND METHODS 
The macrofauna. 148 bottom samples (0.1 sq.m) were taken from 28 stations in the innermost 
parts of Gullmar Fjord (Fig. 2) with a Petersen grab. The total bottom area studied was 6 m° in 
autumn 1964, 3 ma in spring 1965, 2.94 m2 in summer 1965 and 2.5 m-' in autumn 1965. In most 
cases 3 samples were collected per station. The samples were passed through a sieve with a 1 mm 
mesh. The sieving residues were sorted separately on a white dish and the animals were preserved 
in 70 % ethanol before weighing. No correction was made for loss of weight during preservation. 
The meiofauna. The vertical distribution of the macrofauna and meiofauna (length from c. 
0.2 to 2.0 mm) in the substratum was investigated by means of a bottom core sampler of Lundquist's 
type E (cf. Höglund, 1947). Slices 1 cm thick were cut from the column of mud and passed through a 
sieve (mesh 250 ss) and the sieving residues were sorted under a binocular microscope. The sampling 
sites for the meiobenthos were the same as those for the macrofauna. 
Some qualitative samples were taken in the fjord in summer 1965 with an Ockelmann dredge 
(cf. Ockelmann, 1964). 
The littoral fauna. Qualitative samples were taken with nets in the upper littoral zone (0.2-
1.3 m) in the innermost parts of Gullmar Fjord. The sampling sites in 1964-65 were partly the same 
as in the study made by Mr. Paavo Tulkki in 1961-62. He has kindly placed his material at the 
author's disposal. 
Experiments with SWL. The mortality of some crustacean species collected from the inner-
most parts of Gullmar Fjord was tested in different SWL concentrations. The experiments were 
made in 10 1. tanks at 6 °C, and CaSSL solids (from Vargö AB, Sweden) were dissolved in water 
taker from the outer parts of the fjord. The salinity of the test water was about 32 °/oo and in most 
cases aeration of the tanks was arranged in order to avoid anaerobic conditions. 
Hydrography. Water samples were taken with Nansen bottles, provided with reversing thcrmo-
meters, at least twice a month at stations 3, 9, 12, 20 and 22 (Fig. 2), and more occasionally at other 
stations. Oxygen, pH and salinity were determined by the methods described by Strickland and 
Parsons (1960). In 1965 temperature and salinity were also measured with a N.I.O. salinity temperature 
bridge. Transparency was measured with a Secchi disk. The potassium permanganate (KMnO4 ) 
consumption of the water in alkaline conditions was determined according to Kaartotie & Ryhänen 
(1957). The surface water samples were diluted with distilled water in the proportion of 1: 2 before 
boiling. Hydrogen sulphide (H2S) was determined from water samples taken with the sediment 
corer, according to Karlgren (1958 mimeographed). Two 100 ml bottles were filled with water from 
each sample and conserved with 2 N NaOH (2 ml/100 ml). A 50 ml aliquot was taken from each 
bottle. In one case, 10 ml of 0.01 N KJ was added and the sample was then acidified with 1 ml 30 % 
acetic acid and titrated with 0.1 N Na S,Oa. In the second, the sample yvas acidified with the acetic acid 
and aerated before the addition of KJ. The results expressed as mg H5S/1 were calculated according 
to the formula 
N 17 (a—b) 
 where Nis the normality of sodium thiosulfate titrant, v is the volume 
v 
of the sample, a is the quantity of titrant used in the sample with H2S, and b is the quantity of titrant 
used in the aerated sample. 
SWL (sulphite waste liquor) (also called SSL = spent sulphite liquor) was determined by the 
Pearl-Benson method (Barnes el al., 1963). The standard solutions for SWL were prepared by dis- 
solving CaSSL solids (from Vargö AB, Sweden) in sea water, taken from the outermost parts of the 
fjord. The absorption was measured with an EEL colorimeter using cuvettes of 10 cm. The Pearl-
Benson test expresses the dilution in ppm by volume of SWL containing about 10 % of solids. 
Hence, a Pearl-Benson Index (PBI) of 10 represents 1 ppm of solids in the original SWL. 
The BODS (biochemical oxygen demand) of the water was measured according to Strickland 
and Parsons (1960). The BOD of the sediment and of the water just above the bottom was measured 
mainly by using the Warburg respirometer. The samples were collected with the bottom core sampler 
at several stations used for sampling the benthos. Cores were brought into the laboratory and kept 
some hours in a cold, dark room. The oxygen uptake of the sediment was measured in the respiro-
meter using either a suspension of 2 ml of surface sediment (corresponding to 1 cm'- of the sediment 
surface) and an equal amount of bottom water; or 4 ml of bottom water only. The excess of CO5 
formed was bound with a 10 % KOH solution (0.2 ml/sample). The salinity of the water varied 
from 32 to 34 0/00 and the temperature during the test was 20 ± 1 °C. The results were calculated as 
ml of O, consumed per square metre per hour. The BOD of the sediment was also measured polaro-
graphically with a Beckman instrument. Sediment cores having a column of undisturbed sediment 
(about 10 cm in length) and the original bottom water (c. 0.5 1) were incubated at different tem-
peratures. Before the commencement of the tests, the cores were aerated for 2 hours without disturbing 
the mud. Stirrers were used in order to avoid microstratification of oxygen in the cores, and, like 
the other BOD tests, these were carried out in a dark room. The results were calculated as ml of 0. 
consumed per m5 per hour. 
The presence of plant pigments in the sediment was examined by shaking wet sediment (1-3 g) 
in a 100 % acetone solution (30 ml). The samples were taken at different depths of the substratum. 
They were then centrifuged and the extracts were filled up to 100 ml with 90 % aquaeous acetone. 
The extract was decanted into a 4 cm absorption cell, and the absorption at 6 650, 6 450 and 6 300 A 
yvas determined with a Hilger spectrophotometer. The concentrations of chlorophyll a (as ug per g 
dried sediment) were calculated according to Richards with Thompson (1952). The seasonal variations 
of chlorophyll a and its degradation products in the sediment were traced by measuring pigment 
spectra of the extracts with the EEL colorimeter at the following wave lengths: 4 200, 4 700, 4 920, 
5 200, 5 500, 5 800, 6 000, 6 600 and 6 840 A, using a light path of 10 cm, against pure acetone. The 
results were calculated as absorption units per g of wet sediment. 
The water content of the sediment was measured by drying surface mud samples (10-15 g) 
at 105 °C. The loss on ignition, expressed as a percentage of dry weight, was determined by burning 
the dried samples at 600 °C. The amount of salt per gram of evaporated water was from 0.024 to 
0.034 g at the stations studied. The amount of sawdust, wood chips, fibre and gravel on the bottom 
at some stations in Saltkällefjord was calculated by stirring the bottom samples in large cylinders. 
The amounts were expressed as g dry weight per m2. 
3 THE INVESTIGATION AREA AND SOURCES OF POLLUTION 
The morphometry of Gullmar Fjord is discussed by Gislen (1929), Molander (1964) 
and Svansson (1968), among others. Gullmar Fjord is a typical fjord; its basin is 
tectonic but has also been formed by glacial ice. It has a total length of 29 km. The 
depth at its sill by the entrance from the Skagerak (between Gäven and Harpö) 
is about 44 m. In the middle of its basin at Alsbäck (Fig. 1), it reaches a depth of 
120 m, becoming shallower at Bredungen (50-80 m). 
According to Svansson (1968), the area below the isobath of 50 m is about 18 km2 
and that below 100 m only 4 km2 ; the total area of the fjord being c. 50 km". The 
innermost eastern branch of the fjord (Saltkällefjord, length c. 5 km, breadth usually 
less than 1.0 km) is separated by a sill (35-40 m) from Gullmar Fjord proper. Its 
small, isolated basin has a maximum depth of 66 m immediately inside the threshold. 
The shallow western branch (Färlev Fjord) has no definite threshold. 
Most of the fresh water received by Gullmar Fjord comes from two streams, 
the brekilsäly and the Dingleb6.ck. The average discharge from the Örekilsäly, 
draining into Saltkällefjord, is about 17.5 millions me/day (21 m3/second) (Melin, 
1955), though in summer it is only about 5 m3/second. The mean inflow from the 
Dinglebäck, which empties into Färlev Fjord, is c. 1 m3/second. 
According to Leppäkoski (1968), Saltkällefjord has received effluents from a 
sulphite pulp and paper mill over a period of more than 80 years. The discharge 
of waste water from the factories at Munkedal (situated c. 5 km from the river mouth) 
into the Örekilsäly in 1964 was estimated by Waenerlund (unpublished) as about 
60 000 m3 per day. The main constituent of the effluents was SWL which comprised 
about 110 tons of total solids per day. Small amounts of particulate materials such 
as bark, pulp fibre (4.2 tons/day) and wood chips were also contained in the effluents. 
Moreover, communal sewage was also discharged into the river from the settlements 
(especially at Munkedal). 
In the 19 th century and at the beginning of 20 th century there were several 
saw mills on the Örekilsäly, which discharged sawdust into the river. The large 
deposits of sawdust found on the bottom of Saltkällefjord accumulated before the 
year 1925, when the last sawmill closed down (Swedmark and Leppiikoski, 1968). 
As mentioned above, SWL forms a considerable part of the effluents brought 
by the river into Saltkällefjord. A typical analysis of the solids in calcium-base SWL, 
as reported by Felicetta and McCarthy (1957), is presented below: 
Component 	 Per cent (wow) of coral solids 	Component 	 Per cent (w/w) of total solids 
Lignin sulfonic acids ..... 	65.0 	 Calcium, as CaO .......... 	6.7 
Fermentable sugars ........ 	15.0 Other compounds ......... 	8.3 
Non-fermentable sugars ... 	5.0 
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4 HYDROGRAPHY 
4.1 SALINITY AND WATER EXCHANGE 
The waters of the fjord can be divided into three zones: 1) a brackish water surface 
zone, 2) a mixing zone, and 3) a deep water zone (cf. TulIy, 1949). Owing to the 
rather small inflow of fresh water, the brackish water surface zone is thin and may 
totally disappear during strong northern winds. The isohaline of 15 °/oo lies at a 
depth of 0.2-0.5 m at the head of Saltkällefjord and at the surface at its mouth 
(Fig. 3). The isohaline of 30 °/oo usually lies at a depth of 13-15 m in the innermost 
parts of Gullmar Fjord (Table 1). Its level may be affected by internal waves. 
The fresh water draining into the fjord is rapidly mixed with the Skagerak water 
or with the water masses carried by the Baltic current, which form the main part 
of the water in the mixing zone. The Baltic current penetrates into the fjord mainly 
during summer and has a salinity of 15-32 o/ oo (Petterson, 1930). The Skagerak 
water or »bank water» usually flows into the fjord in autumn. It has a higher salinity 
of 32-34 °j oo . According to the data collected at the Bornö Hydrographic Station 
during the years 1939-1963 (Svansson, 1968), the salinity conditions above the 
level of the sill fluctuate greatly in the fjord. The minimum salinities are usually 
found at the surface in April, at a depth of 5-10 m in June, and at depths of 15-33 m 
TABLE 1. The depth of the isohaline of 30 0/oo (m) in the innermost parts of Gullmar Fjord in 1965 
Dace stations 
9 1 	12 20 1 	22 
March 	23 	........................ ? 12.0 12.0  9.5 
March 	29 	........................ 22.0 22.0 22.0 23.0 
April 4 	......................... 14.0 14.0 14.0 
April 	9 	........................ 14.5 14.5 14.5 8.0 
April 	30 	....................... 15.0 ? 14.5 10.0 
May 10 	....................... 11.0 11.0 11.0  11.0 
May 	22 	........................ 9.0 9.0 10.0 9.0 
July 2 	........................ 11.0 10.0 11.0 11.0 
July 	12 	........................ 14.0 14.0 14.0 14.0 
July 20 	........................ 24.0 20.0 20.0 19.5 
October 	15 	........................ 19.0 19.0 19.0 19.0 
October 	26 	........................ 24.0 20.0 20.0 19.5 
November 	4 	........................ 9.0 9.0 9.0 8.0 
November 16 	........................ 22.0 22.0 22.0 22.0 
December 	7 	......................... 6.0 6.o 5.5 6.0 
December 	15 	........................ 16.0 16.0 16.0 14.0 
Mean depth/m 15.4 14.6 15.3 13.6 
11 
in August (cf. also Fig. 4). The maximum salinities are usually recorded at the surface 
in October, at 5-15 m in January and at other depths in March and April. 
The deep water zone below a depth of 60 m consists of more saline bottom water 
from the Skagerak — so-called Atlantic water which may flow into the fjord at 
certain seasons. Such influxes usually occur in spring or late autumn (Molander, 
1964, Svansson, 1968). Strong eastern winds may have the effect of sucking up the 
saline bottom water of the Skagerak off the west coast of Sweden and, when the 
wind subsequently changes to the west, it is lifted over the threshold into the fjord 
and penetrates to its depths (cf. Sandström, 1908, Gislen, 1929). Between these 
influxes the salinity and oxygen content of the bottom water slowly decrease. The 
influxes into the deepest part of Gullmar Fjord can be traced by measuring the 
salinity, temperature, oxygen and phosphate content of the water, as was done by 
Svansson (1968). He mentions some of these influxes occurring during the period 
from January 1960 to autumn 1962. In January 1960, the OZ content of the bottom 
water in the basin of Alsbäck was less than 3 ml/l and the temperature c. 6.2°C. In 
February 1960, after an influx, the O. content increased to c. 5 ml/l and the temperature 
fell to 4.4°C. The next influx occurred in January 1962. Between the influxes the 
salinity of the bottom water decreased from 34.5 to 34.1 °/oo, and the O. content 
from 5 to 2 ml/l, while the temperature increased from 4.4 to 6.2°C. After the influx, 
the temperature was 6.0°C, the Oz content 6 ml/l and salinity 34.7 °/oo. A small 
influx was observed in autumn 1962, but the O. content of the bottom water declined, 
possibly due to the fact that the inflowing water came from low-oxygen areas. In 1965 
(cf. Fig. 7), two influxes occurred in the deep part of the fjord. The first occurred 
in February—March and the second began in December. After the first influx the 
02 content of the bottom water had increased from 3.0 to 4.5 mg/l at a depth of 
117 m, but the salinity was unchanged. During the second influx a slight increase 
in both salinity and the 02 content of the water was observed. According to the 
data of Svansson (1968), the influx which began in December 1965 was much stronger 
than that of the preceding February. During the influx, the O content of the water 
at a depth of 100 m increased to 5.0 ml/1 and the temperature fell below 5°C. 
In contrast to the rather stable hydrographic conditions found in the deep water 
zone of the fjord, the mixing and surface zones are greatly affected by climatic con-
ditions, currents, internal waves etc. and their water masses mix continuously. 
The mean and minimum salinity values of the surface water of the fjord during 
the present investigation are seen in Fig. 3. The following conclusions can be drawn 
from the data obtained. 
1. The surface salinities are usually lower and fluctuate more at the head of the 
fjord than elsewhere. 
2. Owing to upwelling of saline bottom water, the maximum surface salinities often 
occur in Saltkälle Bay (Fig. 1). 
3. The minimum salinity of the surface water usually occurs during calm weather 
and under the ice-cover. 
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4. When the wind is from the north the fresher surface water is rapidly drawn 
through the fjord, and more saline water rises up at the head of the fjord. 
5. The salinities of the surface water are sometimes lower at St. 22 (near Alsbäck) 
than at St. 21 (east of L. Bornö), which indicates the transport of fresh water 
into the former locality via Färlev Fjord. 
The monthly fluctuations of the salinity values of the bottom water at some 
stations in the fjord are seen in Fig. 4. The ranges of these fluctuations, mean values 
and standard deviations from the mean values during the period from October 1964 
to December 1965 are presented in Table 2. The standard deviation is calculated 
(x-)2 
according to the formula s = 	N  
The salinities of the interstitial water in the sediment seem to be somewhat higher 
than those of the bottom water, especially at the head of Saltkällefjord (Leppakoski, 
1968, Fig. 1). 
TABLE 2. The extreme and mean values and standard deviations from mean values of salinity 
of bottom water at some stations of Gullmar Fjord 
Station Dcpth/m I 	S/°/,, Mcan 	' Iuc Standard 
deviation 
Saltkälle Bay 3 	...................... 10 21.1 -32.9 26.9 2.80 
Saltkällefjord 9 	...................... 1 	24 28.6 -33.6 31.9 1.38 
12 	.. ....... 33 30.i -34.o 32.4 1.02 
u 20 	...................... 66 33.0 -34.7 33.7 0.16 
Lilla Bornö 21 	...................... 77 33.6 -34.8 34.2 0.03 
Alsbäck 22 	...................... 117 34.0 -34.8 34.3 0.03 
4.2 TEMPERATURE 
A characteristic feature in the hydrography of sheltered waters is the wider range 
of annual and diurnal fluctuations in temperature compared with the open coast 
and deeper water. In spring, when the warming up of the surface water begins, 
a cold water nucleus is formed throughout Gullmar Fjord in the intermediate depths. 
The thickness and form of the cold water layer vary, probably owing to the internal 
waves, and it tends to be drawn into the head of the fjord before disappearing (in 
July in 1965). In October, when the surface water cools, a layer of warm water remains 
in the intermediate depths and is still found in December. In 1965, the temperature 
of the bottom water reached its minimum in February-March below the ice-cover, 
when values below 1°C were measured at depths of 0-25 m in Saltkällefjord (Fig. 5). 
In 1964-65, the temperature did not sink under 3°C at depths below about 30 m. 
The daily measurements made during the period 1939-1963 at the Bornö Hydro-
graphic Station (cf. Svansson, 1968) show that the temperatures were lowest at 
depths of 0-15 m in February, at 20 m in March and at 20-25 m in April. The 
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highest temperatures were usually measured in the surface water in July, at 5-15 m 
in August and at 20-33 m in September. 
During the winters 1955/56 and 1962/63 the temperatures of the uppermost 
water layers were especially low in the fjord (Svansson, 1968). 
The extreme temperatures of the bottom water measured at some stations during 
the present investigation were as follows: 
Station 	DepthJm t ange/°C Station Depth/m / range/°C 
3 	10 0.6-16.7 20 66 6.1-11.0 
9 25 1.0-14.0 21 77 4.5- 7.4 
15 	37 3.4-12.8 22 117 6.2- 6.8 
The temperatures of the surface water at three stations are presented in Fig. 6. 
In 1965 Saltkällefjord was frozen over from January to March, but in the following 
winter the whole of Gullmar Fjord was ice-covered from as early as December 1965. 
4.3 OXYGEN CONTENT 
TABLE 3. The extreme and mean values and standard deviations from mean values of oxygen 
content of bottom water at some stations 
Station Depth/m 0_Jmgl Mean values Standard 
deviation 
Saltkäke Bay 3 	...................... 10 4.2-13.5 8.2 2.70 
Saltkällefjord 9 	...................... 25 0.0-12.5 4.8 2.10 
12 	...................... 33 2.9- 7.8 5.3 1.96 
20 	...................... 66 O.s- 7.o 4.6 2.44 
Lilla Bornö 21 	...................... 77 3.1- 6.9 5.1 1.30 
Alsbäck 22 	...................... 117 2.2- 4.8 3.3 0.23 
It is generally known that the oxygen content of the bottom water is lower and 
more fluctuating in inlets where the inflow of fresh water is small than in inlets 
receiving a rich supply of fresh water (cf. Pickard, 1961). The oxygen conditions 
in Gu1Imar Fjord resemble those found in inlets of the former type. In the water 
masses above the level of the sill, the oxygen content is usually high and oversatu-
ration was often observed during spring and early summer. Below the sill depth, 
the amounts of dissolved oxygen (DO) are highly dependent on influxes of water 
from areas outside the fjord. The seasonal fluctuations of the oxygen contents of 
the bottom water at different stations during the investigation period are seen in 
Fig. 7. The lowest values were usually recorded during late summer or autumn, 
when the inflow from the rivers is at a minimum. The lowest DO contents are usually 
found at the mouth of the Örekilsäly, and may be assumed to be due to pollution 
and to the high natural deposition rate of organic material. 
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The maximum and minimum values of DO available in the bottom water of some 
stations in the fjord and the standard deviations from the mean values during the 
period from October 1964 to December 1965 are seen in Table 3. 
The low oxygen values at Sts. 20 and 22 are due to long-term stagnation, although 
the effect of pollutants at St. 20 cannot be totally excluded. 
4.4 THE DISTRIBUTION OF THE WASTE EFFLUENTS AND THE PRO-
PERTIES OF WATER 
According to Waldichuk (1962), the main disadvantages of the influx of wastes 
from the forest industries are as follows: 1) they poison the fish and other animal 
life, 2) they consume dissolved oxygen as they decompose, thereby causing animal 
life to suffocate, and 3) they deposit particulate material on the bottom with harmful 
effects on the benthos. The influence of the effluents is highly dependent on their 
age and concentration and the time of the exposure of organisms to harmful con-
centrations. 
The concentration of SWL in the surface water of the innermost parts of Gullmar 
Fjord in 1965 is seen in Fig. 8. The values are expressed as Pearl-Benson Indexes 
which show the dilution in ppm by volume of SWL containing about 10 % of solids. 
The maximum concentrations of SWL usually occurred at the mouth of the Öre-
kilsäly, and the values decreased with increasing distance from the river mouth. 
If the amount of SWL solids emptied from the mill at Munkedal into the river 
(mean discharge 21 m3/second) is about 110 tons per day, the mean concentration 
of SWL in the river water can be calculated as 66 mg/l (PBI = 660). However, 
the water masses are rapidly mixed by turbulence and the mean concentrations of 
SWL in the surface water of Saltkällefjord are about 20 mg/l (PBI = 200) (Fig. 8 
and 27). The highest concentrations of SWL may occur in the fjord below the ice-
cover in early spring, as was indicated by the high KMnO, consumption values 
of the surface water measured in March 1965 (Fig. 9). The low values of SWL meas-
ured in July 1965 are due to the fact that the mill was closed during the summer 
holidays. 
An examination of the topographic and hydrographic features of Saltkällefjord 
reveals some factors which will favour the occurrence of high concentrations of 
SWL and the occasional stagnation of water masses containing oxygen-consuming 
substances: 
— The high sills limit the exchange of water between the fjord and the Skagerak 
and cause the stagnation of water masses below the level of the top of the sill. 
— The narrow form of the fjord and its small surface area reduce the mixing of 
water masses at the surface, while the high, steep shores reduce the effect of 
winds. 
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— The tides are weak and insufficient to carry away wastes. According to Gislen 
(1929), the maximum amplitude of the tidal variation in the water level is about 
35 cm in Gullmar Fjord. Svansson (1968) estimates the maximum speed of the 
tidal currents in the fjord at 1 cm/second. 
— Owing to the presence of several water masses with different densities, especially 
in Saltkällefjord, the vertical transport of effluents is inhibited by sharp thermo-
and haloclines. The sharp stratification of the water also limits the sinking rate 
of dead organisms and allochthonous particles, and the BOD values of water 
near such »clines» seem to be high. 
— The low oxygen contents observed in the bottom water in Saltkällefjord, especially 
during late summer and autumn, seem to be connected with the small stream 
inflow and retarded estuarine circulation. The high temperatures (measured in 
the intermediate water layers in autumn) also favour the rapid degradation of 
organic material, thus increasing the BOD of the deeper water masses and leading 
to low oxygen concentrations. 
Among the factors favouring the transport and dilution of the effluents are the 
following: 
— The effluents are already mixed with river water and the discharge and velocity 
of the stream are sufficient to carry them along the main axis of the fjord. The 
typical estuarine circulation pattern, with the lighter fresh water flowing seaward 
at the surface and a headward movement of the denser water below it, is an 
important factor in the transport of the effluents in Saltkällefjord. 
— Owing to the low density of the surface water the dissolved effluents usually 
remain in the surface layer of the fjord (Fig. 8), where the oxygen content and 
temperature are usually high, thus favouring the degradation of SWL. 
— Sea water with its high content of carbonates and silicates etc. is well buffered. 
According to Alexander, Southgate and Bassindale (1935), the degradation of 
certain poisons is more rapid in sea water than in fresh water. The toxic effect 
of SWL on organisms declines with an increase in the pH of the water (cf. Vallim 
1935, Grande, 1964). 
— The bottom of Saltkällefjord sinks rather evenly towards the mouth of the-
fjord and only the deepest channel is situated below the sill depth. 
— Fluctuations in the water-level promoting water transport, caused by changes 
of atmospheric pressure and wind play an important role in the exchange of 
water between Gullmar Fjord and the Skagerak. Svansson (1968) presents some 
mean values of the duration of water-levels (the number of times when a certain 
water-level was reached or exceeded as a percentage of the observations). The 
measurements were made at Smogen (Bergsten, 1950) outside the fjord. 
Water-level ........ +90 cm 	+60 cm 	+30 cm 	0 cm —30 cm —60 cm 
% 	0.i 1.o 8.9 	49.8 	93.8 	99.s 
20 
The highest water-level measured in the locality was +148 cm (in 1920) and the 
lowest —82 cm (in 1914). 
An example of the rapid exchange of surface water in Gullmar Fjord (indicated 
by changes in temperature and salinity) is furnished by the observations made by 
Lybeck (1964) in February 1963. His data are presented in the tabulation below: 
Date Kristincbcrg Zool. Bornö Hydrograpbic 
Station 0 ro Station 1 m 
I/°C 	S/Iho l/°C s/°/a0 
February 	8 (strong inflow) ... 0.32 	31.35 1.12 29.70 
February 	9 	................. —1.70 	28.20 1.00 30.20 
February 	10 	................. —1.60 	26.85 —1.40 27.90 
The presence of SWL in the water will at least affect the following factors: pH, 
the carbon dioxide system, oxygen content and transparency. In the following tabu-
lation (Table 4) some hydrographic and chemical parameters of the river water 
below the factories at Munkedal are compared with those found in Saltkällefjord. 
The values are based on measurements made by »Statens Vatteninspektion» on 
October 16 and 17, 1963, and have kindly been placed at the author's disposal by 
Mr. Lars Thorell. 
As is seen in Table 4, the amount of nutrients in the river water is high, which may 
be due to the discharge of communal sewage. In fresh water SWL seems to be carried 
TABLE 4. Some hydrographic and chemical data of river and fjord water in October 1963 
River mater 	 Saltkällcfjord 
at Munkedal 
electrolytic conductivity i 20 x 106 	.......... 0 m 72 0 m 2 048 
5 m 61 5 m 33 500 
pH ........................................ 0 m 8.0 0 m 7.2 
5 m 7.2 5 m 8.6 
color 	mg 	Pt/l 	.............................. 0 m 90 0 m 85 
5 m 90 5m 30 
total 	P 	(,ug/1) 	............................... 0 m 67 0 m 67 
5m 57 10 m 42 
PO4-P 	(fig/1) 	................................ 0 m 18 0 m 12 
5 m 22 10 in 42 
NH4 -- 	(mg/1) 	.............................. 0 m 0.05 0 m 0.36 
5 m 0.46 
lignosulphonic 	acids 	(mg/l 	................... 0 m 0 0 m 5.2 
5 m 7.4 5 m 0.4 
BODS 	(mg/1) 	.............................. 0 m 6.4 0 m 3.3 
5 m 8.9 5 m 0.s 
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TABLE 5. Numbers of coliform and agar bacteria in the river and fjord water in October 1963 
Locality 
	
Coliform bacteria 	Agar bacteria 
MMF, 44/100 ml 3 d.1ml 
Munkedal, above the factories ...................... 
Munkedal, below the factories ...................... 
Mouth of the Örekilsäly ........................... 
Saltkällefjord 	0 m ................................ 
2 m ................................ 
18 m ................................ 
95-200 1 100-4 300 
300-500 c. 10 000 
1 000 14 500 
230 8 600 
65 800 
1 70 
near the bottom while in the fjord it mainly occurs near the surface owing to the 
considerable density gradient. 
A bacteriological analysis of the river and fjord water, carried out by the »Statens 
Vatteninspektion» on October 16 and 17, 1963, showed that the number of thermos-
table coli bacteria was rather small even in the waters below the settlement at Mun-
kedal. The values presented in Table 5 were furnished by Mr. Lars Thorell. 
Changes in some hydrographic and chemical parameters along the longitudinal 
axis of the fjord in March 1965 are seen in Fig. 10. During that time the head of 
Saltkällefjord was covered with ice up to St. 20 (Fig. 2) and the high values of BOD, 
and KMnO,4 consumption indicate high concentrations of SWL immediately below 
the ice-cover. A slight drop in DO and pH values also indicates the presence of 
SWL and other allochthonous substances in the river mouth. The Secchi disk 
values varied from 20 to 50 cm below the ice-cover. At other seasons too, a clearly 
decreasing gradient in the BODS and KMnO, consumption values is seen along 
the main axis of the fjord (Fig. 9), though the absolute values are usually smaller. 
As mentioned above, the main harmful effect of the pulp mill wastes is the removal 
of dissolved oxygen from the waters below the mills. It is generally recognized that 
the sugars, alcohols, and low-molecular-weight compounds of SWL decompose 
rapidly, but the lignin sulfonates resist biochemical degradation (cf. Pehrson, 1958). 
According to the observations of the National Council for Stream improvement 
(1958), cited in Gunter and McKee (1960), dilute concentrations of SWL in fresh 
water and in saline water retain 78 % of their original PBI after 20 days, but only 
20 % of their original BOD. Camp, Dresser and McKee (1949), express BOD in 
ppm per 1 000 ppm of total volatile solids of SWL and show typical ultimate values 
of 393 and 418 ppm. 
The values obtained for the 5-day BOD of surface water in Saltkällefjord seem 
to be in linear correlation with the SWL concentrations (Fig. 11), and the mean 
value of 300 ppm per 1 000 ppm of solids obtained in the fjord agrees well with 
values given by Camp, Dresser and McKee (op.cit.). The rather high mean value 
obtained in the fjord suggests that the residence time of SWL in the fjord is rather 
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short. The correlation values of 5-day BOD and KMnO4 consumption of the surface 
water of the fjord are more scattered than those of 5-day BOD and PBI (Fig. 11), 
which is not surprising considering that the two methods are so sensitive to experi-
mental conditions. Unfortunately, the measurements made during this study are too 
few to allow more exact conclusions. 
The BODS values of the deep water of the fjord were usually low, varying from 
0.05 to 2.0 mg/l. The maximum values were obtained in the thermocline or just 
above the bottom (cf. Fig. 9). Measurable amounts of SWL were only seldom found 
below a depth of 15 m in Saltkällefjord. 
5 THE BOTTOM 
5.1 THE STRUCTURE AND PLANT PIGMENTS OF THE SEDIMENT 
The bottom of the middle parts of Gullmar Fjord has been briefly described by 
Ekman (1947) and Molander (1962). According to Molander, the deepest part of 
the fjord between the threshold and Stora Bornö island (Fig. 1) has a bottom of 
soft mud-like »evil-smelling» clay. In the vicinity of the Bornö islands the bottom 
at depths of 86-100 m has larger fractions of sand. The sill between Gullmar Fjord 
proper and Saltkällefjord is characterized by shell gravel. The deepest channel of 
Saltkällefjord has a bottom of sulphide clay. In the middle parts of Saltkällefjord 
(Fig. 12) the bottom consists mainly of sandy clay as in Saltkälle Bay, but in the 
last-named area there is plenty of detritus in the sediment. There are large sand 
banks in the delta area of the Örekilsäly and outside them the bottom contains 
ample amounts of allochthonous material, such as sawdust, wood fibre and detritus, 
mixed with organic gyttja or sulphidic clay. 
According to Forsman (1938), particles having a diameter of less than 0.1 mm 
comprise 43-49 % of the sediment samples at depths of 8-32 m in Saltkällefjord 
and Färlev Fjord, 60 % in Bredungen (60 m), and about 75 % in the deepest part 
of Gullmar Fjord. The percentage of mineral particles (diameter more than 0.2 mm) 
in the samples decreased with increasing depth, being 12.7-18.7 % in Saltkällefjord 
and only 7 % in the deepest channel of Gullmar Fjord. 
The water content of the surface layer of sediment varied from 42 to 74 % in 
the localities studied during this investigation (Table 6, Fig. 12). The lowest contents 
were measured in the middle parts of Saltkällefjord and the highest in the deepest 
TABLE 6. Water content (as percentage of fresh weight of sediment) and penetration of the bottom 
core sampler at some stations in Gullmar Fjord 
Section 	 Depth/m 	 Water content/% 	 Penetration of 
core sampler/cm 
3 	...................... 10 70.0-71.6 11-13 
6 	...................... 21 70.2 6-11 
14 	...................... 34 42.1 4— 5 
15 	...................... 37 59.9 4— 9 
20 	...................... 66 64.0 14-20 
21 	.................... 77 65.s 10-13 
22 	...................... 117 71.3-73.5 21-26 
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Fig. 12. Some physical and chemical parameters of the sediment along the longitudinal axis of 
Gullmar Fjord 
channel of Gullmar Fjord, where small sediment particles predominate. According 
to Lisitsyn (1964), the water content is high in deposits consisting of small particles 
and in areas where the deposition rate is high. 
Ekman (1947) has measured the consistency (Festigkeit) of the sediment in 
some localities in Gullmar Fjord, using »Fallkegels» of 5, 10 and 60 g. The sinking 
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Fig. 13. The distribution of sawdust (black dots) and gravel in the sediment of Saltkällefjord 
rate of a »Fallkegel» in mm per 24 hours was measured in columns of sediment. 
Consistency value 1 indicates 100 mm travelled by a sinking 60 or »Fallkegel», 10 
corresponds to 50 mm, 50 corresponds to 20 mm and 100 to about 10 mm. According 
to Ekman, the consistency values of the surface layer of the deposits were about 
60-65 on bottoms of shell gravel, about 6 on gray clay at a depth of 34-37 m, 
3.5 at a depth of 90 m, and less than 2.5 on mud-like clay bottoms at a depth of 
117 m. The extent of the penetration of the bottom core sampler (about 8 kg used 
in this study) into the substratum may also give some indication of the consistency 
of the sediment (Table 6). 
The low penetration values measured at Sts. 14 and 15 are due to the presence 
of sawdust, pulp fibres and gravel in the deposits (cf. Fig. 13). 
In order to evaluate the amounts of plant pigments in the deposits the absorption 
of acetone extracts of wet sediment were measured both spectrophotometrically and 
colorimetrically at different wave lengths (cf. page 7). The spectrophotometrical 
measurements made in March 1965 are presented in Fig. 12. The values are expressed 
as ag of chlorophyll a per g surface mud (dry wt). The absorption spectra of the 
sediment samples collected from different layers of the substratum at some stations 
in the fjord in May and July 1965 are presented in Table 7. The results are expressed 
4 6830-69 
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TABLE 7. The absorptions of acetone extracts of sediment in May and July 1965 at some stations 
in Gullmar Fjord (expressed as absorption units per g of wet sediment) 
May 10 1965 
Wave length \ 
Station Dcpth cm in 	4260 	4700 	4920 	5200 	5500 	5800 	1 6000 	6600 	6840 	4260 
substrarum 6600 
3 0- 1 	.... 30.9 22.9 15.6 10.3 	6.2 5.3 	5.4 6.0 3.4 	5.1 
6 0- 	1 	...... 39.s 31.2 21.3 16.1 	10.7 8.o 	6.2 5.2 4.4 	7.5 
1- 	2 	....... 22.9 17.2 10.9 6.s 	3.9 3.2 	3.3 4.0 3.4 	6.7 
3- 4 	.... 25.2 17.s 11.9 7.8 	4.9 4.1 	4.1 4.7 4.5 	5.3 
5- 6 	..... 17.0 12.5 8.2 5.8 	3.6 3.1 	3.1 3.4 3.1 	5.0 
7- 8 	..... 14.9 10.6 7.0 4.5 	I 	2.s 2.3 	2.3 2.6 2.3 	5.7 
12 0- 1 	.... 26.5 17.4 10.7 6.s 	3.5 2.7 	3.0 3.s 3.3 	7.0 
20 0- 1 	.... 16.4 10.4 6.5 3.9 	1.4 0.9 	0.9 1.0 0.7 	17.2 
22 0- 	1 	.... 18.5 11.2 7.2 4.4 	 j 	2.0 1.5 	1.3 1.5 1.1 	12.0 
1- 2 	..... 14.8 8.0 5.3 3.6 	1.9 1.3 	1.3 2.3 1.3 	6.4 
2- 4 	..... 11.6 6.9 4.4 3.2 	1.8 1.2 	0.0 1.2 0.6 	9.7 
4- 6 	..... 8.4 5.7 4.6 3.9 	3.2 2.9 	2.9 3.o 2.9 	2.s 
July 16 1965 
3 0- 	1 	...... 26.7 19.3 12.5 6.2 	1.9 1.1 	1.4 3.3 3.0 	8.1 
2- 3 	.... 26.0 20.7 13.0 4.4 	1.0 1.6 	2.4 3.s 3.1 	6.9 
6- 7 	.... 22.2 18.5 11.3 5.8 	2.6 2.o 	2.1 3.1 2.s 	7.1 
10-11 	.... 8.2 6.4 3.8 1.7 	0.4 0.3 	0.7 1.3 1.3 	6.3 
2 0- 	1 	..... 42.2 34.2 21.8 13.4 	i 	7.6 7.1 	8.1 10.3 8.4 	4.1 
1- 2 	.... 45.5 35.5 19.9 10.5 	5.2 4.4 	6.2 9.4 7.2 	4.s 
4- 5 	.... 32.s 26.8 15.4 8.8 	4.5 4.2 	5.0 5.7 4.6 	5.5 
6 0- 1 	.... 37.3 32.s 17.6 9.7 	4.3 3.6 	4.o 5.9 4.7 	6.s 
1- 2 	.... 36.9 31.2 19.2 10.5 	5.2 4.4 	4.7 5.9 5.3 	6.2 
3- 4 	.... 36.0 29.0 18.4 11.3 	6.5 5.4 	5.6 7.o 6.4 	5.1 
6- 7 	.... 25.2 20.2 12.8 7.5 	4.3 4.o 	4.3 5.2 4.7 	4.8 
10-11 	.... 12.2 10.5 7.1 4.7 	3.3 2.4 	3.s 3.7 3.1 	3.3 
15 0- 1 	.... 27.1 21.9 14.4 10.1 	6.o 4.s 	3.1 4.0 3.4 	6.8 
3- 4 	.... 20.1 17.2 12.1 6.9 	I 	4.6 3.3 	i 	3.2 4.0 3.s 	5.2 
20 0- 	1 	.... 22.0 16.5 10.8 7.4 	3.7 3.5 	3.5 3.s 3.3 	5.8 
- 
13-14  
22 0- 1 	.... 26.2 18.s 12.7 7.5 	3.6 3.1 	3.3 4.0 3.6 	6.s 
1- 2 	..... 10.1 7.4 5.3 3.3 	1.9 1.7 	1.7 2.1 1.9 	4.8 
3- 4 	..... 13.9 9.3 5.8 3.7 	1.4 1.1 	1.3 1.9 1.3 	6.0 
6- 7 	..... 9.8 6.4 4.0 2.4 	1.0 0.7 	0.8 1.1 0.9 	9.9 
10-11 	...... 9.9 7.2 5.s 2.7 	, 	1.2 1.2 	1.4 1.5 1.1 	6.6 
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as arbitrary units; one unit being taken as equivalent to an absorption of 1 in a 10 cm 
cell, when dissolved in 100 ml solvent. 
Vallentyne (1955) has shown that the extracts of sedimentary pigments contain 
chlorophyll degradation products (chlorophyllides, phaeophorbides and phaeophy-
tins) as well as chlorophyll a, all of which have similar absorption peaks at 6 650 A. 
Although most of the chlorophyll in healthy plant tissues is chlorophyll a, its degra-
dation products may be relatively more abundant in the sediments. The chlorophylls 
are characterized by two main absorption maxima, one in the blue and one in the 
red region of the visible spectrum. According to Strickland (1960), the wave lengths 
of the peak absorption of acetone extracts of chlorophylls and some related substances 
are as follows: 
Pigment 	 Absorption maxima (A) 
Chlorophyll a ...................... 	6 615 	4 315 
Chlorophyll b ...................... 	6 435 	4 560 
Phaeo-Pigments .................... 	6 600 	4 100 
i4-Carotene ......................... 	4 800 	4 540 
Fucoxanthin ........................ 	4 850 	4 490 
Peridin 	............................ 	4 650 
Phycoerythrins ..................... 	5 000 	5 400 
Light in the spectral range of 4 000 to 4 500 A is absorbed not only by chlorophyll 
a and phaeophytin a but by other chlorophylls, their degradation products, and 
carotenoids. Some other substances such as »Gelbstoff» (cf. Kalle, 1966) and nitroso 
compounds of sulphite pulp will wastes may also affect measurements in the same 
spectral area. The changes in absorption spectra that occur on the conversion of 
chlorophylls to phaeophytins decrease the accurancy of the trichromatic method of 
Richards with Thompson (1952). These changes are relatively large at 6 450 and 
6 300 A, the principal wave lengths used in the measurement of chlorophylls b and c 
(cf. Moss, 1967), so the estimation of the amounts of these chlorophylls by the trichro-
matic method is particularly unreliable, owing to the presence of their respective 
phaeophytins. 
Although the methods used in the determination of plant pigments in Gullmar 
Fjord have many limitations, the results show some tendencies which are worth 
noting: 
— The total amount of sedimentary pigment measured with the trichromatic method 
in the surface mud was twice as high at the mouth of the Örekilsäly as in other 
localities (Fig. 12). The high abundance of pigments at the river mouth may 
be due to a rich supply of plant residues carried by the river or the rapid sedi-
mentation of marine phytoplanktonic organisms which die in these eutrophic, 
brackish-water conditions. 
— The absorptions of the extracts of the deeper deposits are smaller than those 
obtained from the surface of the mud. The degradation of the chlorophylls seems 
to be less complete in localities near the river mouth than elsewhere, which 
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may be due to the high sedimentation rate and low concentrations of oxygen 
in this polluted area. 
— The absorption values obtained in July at deep stations were usually much higher 
than those measured in May, which may be due to the deposition of the spring 
bloom of phytoplankton during early summer. The absorptions at longer wave 
lengths showed an especially marked increase. 
— The absorption ratio (D 4 260 A/D 6 600 A) (cf. Table 7) of the extracts of surface 
mud increased with increasing distance from the river mouth. The values at 
different stations were 4.1 (St. 2), and 5.8 to 8.1 (Sts. 3, 6, 15, 20 and 22) in July 
1965. In May 1965, values as high as 12 and 17.2 were obtained at Sts. 20 and 22. 
The last-mentioned ratios are similar to those quoted by Kalle (1966) for »Gelb-
stoff» solutions in the North Sea and in the Baltic. Kalle used the ratio of the 
extinctions at 4 200 A and 6 650 A. According to Margalef (1965), bursts of 
production are always associated with a more rapid increase of the »greens» than 
of the »yellows» and there is a drop in the pigment ratio D 4 300 A/D 6 650 A 
in eutrophic conditions. Changes in this ratio reflect changes not only in the 
species composition of the community, but also in the physiological stage of 
unispecific populations. The low pigment ratios found in the mouth of the 
Örekilsäly suggest such a eutrophization. 
The total amount of plant pigments present in the sediment may give an indication 
of the nutrient status of the bottom. According to Lisitsyn (1964), the carotenoids 
(grovitamin A) are important for the nutrition of some deep water deposit-feeding 
animals. 
5.2 THE INFLUENCE OF EFFLUENTS ON THE BOTTOM OF SALT-
KALLEFJORD 
As mentioned above, the natural deposition of particles carried by the river seems 
to be high at the mouth of the Örekilsäly. A turbidity maximum has been noted 
at many river mouths (cf. Postma, 1967). Since the peak of the turbidity maximum 
is often located near the salt boundary, it has sometimes been assumed to be caused 
by flocculation (Luneburg, 1939). Usually it is due to the hydrodynamic conditions 
(Postma and Kalle, 1955). Flocculated particles, organic and inorganic and mixtures 
of these, caught in the vertical turbulence at the mouth of a river, will be held 
in suspension for a long time. The particles may move upstream with the bottom 
current, or they may be lifted by vertical turbulence into the upper current, and 
again carried seaward. The process may be repeated, or the particles may be carried 
to the sea. This process of the transport of small particles in natural estuaries may 
also involve a large part of the solids discharged into the fjord from the factories 
at Munkedal. The larger particles, such as bark, pulp fibres and wood chips seem 
to be deposited on the bottom of the river before reaching the fjord. Part of them 
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are usually coated with sewage fungi such as Fusarium aquaeductum and Spbaerotilus 
natans, which are common in the lower reaches of the Örekilsäly. The distribution 
of allochthonous substances such as sawdust and fibre on the bottom of Saltkälle-
fjord is seen in Fig. 13. The maximum amounts of these materials occurred in the 
harbour of Munkedal (at St. 7, 40 kg/m" as dry w.) and in the middle of the fjord 
(10-33 kg/m"), while the amounts in localities east of the river mouth seldom 
exceeded 1 kg/m". Since the last saw-mill on the Örekilsäly closed down about 40 
years ago, the approximate rate of sedimentation can be estimated from the thickness 
of the mud lying above the layers of sawdust (cf. Fig. 13). The highest rate of sedi-
mentation is found at the head of the fjord (about 0.7 mm/year), while, owing to 
erosion, the rates in the middle parts of Saltkållefjord do not exceed 0.1 mm/year. 
The values of the rate of sedimentation obtained in the fjord seem to be in good 
agreement with the rates inferred from the thickness of microvarves (0.1-2.0 mm/ 
year) by Ignatius (1958) in the deep Baltic sedimentation basins. 
The maximum amounts of gravel were found in samples taken from the river 
mouth and the middle parts of Saltkällefjord. In general the distribution of gravel 
on deep bottoms at the head of the fjord shows good agreement with the distribution 
of sawdust and fibre. 
The main pollutional effect of allochthonous deposits seems to be the removal 
of dissolved oxygen from the bottom water during their decomposition. The BOD 
values of the deposits of the fjord obtained with the Warburg technique at 20°C, 
revealed that the oxygen consumption values of polluted sediments were about 4-5 
times as high as those measured on healthy bottoms (Fig. 12). The maximum uptake 
of oxygen by sediments was observed on bottoms where sawdust and fibres were 
mixed with organic gyttja and detritus at the mouth of the Örekilsäly (St. 6). The 
BOD values of pure sawdust from St. 7 (the finest particles were removed) were 
only about 50 % of the values of sawdust mixed with mud. The oxygen consumption 
of the sediment showed some seasonal variation (Table 8 a). 
TABLE 8 a. Oxygen uptake of sediment at some stations in the study area measured by the War-
burg technique at 20° C. The values for sediment are expressed as ml of O., per m2 per 
hour and the values for bottom water as ml 0, per 1 per hour. The thickness of the 
sediment column used in the tests was about 2 cm and the volume 2 ml 
Station 
	
Dcccmbcr 4 1964 	 I March 15 1965 	 October 
12 1965 
sediment 	water 	I sediment 	I water 	sediment 
3 	( 	10 	m) 	....................I 	37 0.2 48 0.7 	50 
5 	( 	16 	m) 	.................... 49 0.7 
6 	( 	25 	m) 	.................... 	77 0.2 61 0.7 	225 
7 	( 	10 	m) 	.................... 	61 0.3 87 1.0 
12 	( 	33 	m) 	.................... 24 0.2 86 
20 	( 	66 	m) 	.................... 	32 0.1 47 
21 	( 	77 	m) 	.................... 	41 0.1 
22 	(117 	m) 	.................... 17 0.1 
Klo] 
TABLE 8 b. Oxygen uptake of sediment (ml O,/m2/h) at some stations in Gullmar Fjord measured 
polarographically at different temperatures. Length of sediment cores —10 cm. 
N = number of measurements in December 1965 
Station 
	
Temperarures 
1S°C, N= 1 120-21°C, N=5 
extreme 	mccrn 	 extreme 	' mcan 
values value values value 
6 ( 25 m) .....................49-68 	60 	110 	148-312 	221 
12 ( 33 m) .................... 	34-48 41 34 65— 95 79 
20 ( 66 m) .................... 	34-44 	41 	24 	28— 86 	65 
22 (117 m) .................... 	44-74 61 27 36— 83 64 
The maximum BOD values of the sediment were measured in late autumn, when 
the temperature of the intermediate water layers reaches its maximum (Fig. 5). 
According to Carey (1967), the maximum values of the oxygen uptake of sediments 
in Long Island Sound (c. 70 ml Os/m2/h) coincided with the summer temperature 
maximum. Kanwisher (1962) observed the oxygen uptake of marine sediments near 
Woods Hole, Massachusetts, at 10 to 20 m depth, to be 15 ml/m2/h in summer, 
when temperatures ranged from 10 to 15°C. During winter at temperatures of 0°C, 
the O uptake was 5 to 8 ml/m2/h. According to Carey (1967), the seasonal cycle 
observed in the sedimentary oxygen uptake is probably a result of the effects of 
higher temperatures and rates of organic input on the respiration and population 
growth of the bacteria, microfauna and meiofauna. Of the forms smaller than 0.1 mm, 
the bacteria are undoubtedly the major energy consumers on the bottom (Kanwisher, 
1962). 
The uptake of oxygen by the sediments of the study area was also determined 
polarographically at different temperatures in December 1965. The values measured 
are presented in Table 8 b. The sediment cores (containing a sediment column of 
10 cm and 0.5 1 water) were first kept at 10-11°C and then at higher temperatures. 
The uptake of oxygen in cores from different stations was almost equal at low tem-
peratures, which suggests that the bottom of the fjord was inhabited by a community 
of organisms which were adapted to low temperatures, and whose metabolism was 
not dependent on the existence of pollutants in deposits. At higher temperatures 
this community may perish or become inactive and the new community of organisms 
cabable of living at higher temperatures and benefiting by pollutants in deposits 
becomes active. The temperature adaptation of mud-living bacteria has been discussed 
by Altschuler and Riley (1967), among others. They put plates containing bacteria 
colonies in broth media and incubated them at different temperatures. The maximum 
number of colonies was found to develop when the incubation temperature more or 
less corresponded the temperature noted in Long Island Sound. It was observed 
that colonies sampled in summer developed best at an incubation temperature of 
27°C, while the colonies sampled in winter and early spring developed best at 9°C, 
and showed a severe inhibition of growth at higher temperatures. 
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The values of the uptake of oxygen measured polarographically in Gullmar 
Fjord in December 1965 at 20-21°C were somewhat higher than those obtained 
with the Warburg respirometer, but in both series oxygen consumption shows a 
clear tendency to increase on polluted bottoms. The differences between the two 
series are due to the different volumes of sediment used in the tests and to the time 
taken by the communities to adapt to high temperatures. 
The loss on ignition as a percentage of the dry weight of the surface layer of 
the sediments and the BOD values are seen in Fig. 12. The ignition loss percentages 
obtained at different stations in August and October 1965 ranged from 0.9 to 7.7 %. 
The highest values were obtained in Saltkälle Bay and at the mouth of the Öre-
kilsäly (4.5-7.7 %), while the minimum values were found at deep stations off 
Saltkällefjord (0.9 to 2.3 %). According to Henriksson (1967), the highest values 
for the loss of volatile matter on ignition in the sediments of the Sound (Öresund) 
were obtained near sewage outlets (more than 20 %), while most of the area had 
values below I %, which is a characteristic value of sandy bottoms. 
Measurable amounts of hydrogen sulphide (H. S) were observed in the bottom 
core samples in autumn 1964, when the oxygen content near the bottom was low. 
Maximum values were recorded at stations at the river mounth (St. 6, 9.5 mg H.S/1 
and St. 9, 5.1 mg/1). In a sample collected in the deepest channel of Saltkällefjord 
in October 1964 the H0S content was 4.5 mg/l. 
According to Leppäkoski (1968), the pH of the interstitial water of the deposits 
in Saltkällefjord varied from 7.0 to 8.3. The minimum values were observed at the 
mouth of the Örekilsäly on bottoms contaminated by waters with a low salinity. 
A remarkable rise in pH was noted from the mud-water interface towards the deeper 
layers of sediment at almost all the localities studied. This may be connected with 
the occurrence of OH- ions produced by the hydrolysis of sulphides in the deposits. 
6 THE FAUNA 
6.1 EFFECTS OF SULPHITE PULP AND PAPER MILL EFFLUENTS 
The harmful effects of the effluents from pulp mills on the fauna have been discussed 
by several workers, including Vallin (1935), Halme (1950), Gunter and McKee (1960), 
Höglund (1961), and Waldichuk (1962). According to Gunter and McKee, the effects 
of the effluents may be d i r e c t i.e., they produce a specific adverse response in 
the organisms; or they may be i n d i r e c t i.e., they affect the environment or 
the food chain upon which the well-being of an organism depends. 
Direct effects. Unlike the wastes from a kraft (sulphate) pulp mill, the effluents 
from a sulphite pulp mill have no highly toxic constituents. SOS, however, has a 
specific toxic effect on fish at a concentration of about 0.5 mg/1 (Vasseur, 1966), 
but in natural waters SO, is generally rapidly oxidized and loses its toxicity. The 
influence of SWL on organisms is dependent on the concentration and decompo-
sition level (age) of the liquor and on the period of exposure to harmful concentrations. 
It may result in 1) a lethal effect, 2) a chronic effect, or 3) an avoidance reaction. 
An acute lethal effect is seen in the high mortality of a population. A chronic effect 
usually becomes evident after a long period of time and is evident, for example, 
in decreased rate of growth, reduced activity or inability to reproduce. An avoidance 
reaction consists of a direction of movement away from the harmful concentrations 
or other protective reactions. Particular attention was paid to the avoidance reactions 
of fresh-water fish by Höglund (1961), who found that SWL may have an influence 
on fish and their behaviour, even when present in very low concentrations, while 
in higher concentrations of SWL the fish are less able to avoid contaminated areas, 
and lethal effect will appear. Although the behaviour of marine species in different 
SWL concentrations is unknown, the data of Höglund suggest that avoidance reac-
tions will appear among marine fish and perhaps also among littoral crustaceans. 
The repellent effect of sulphite pulp mill effluents on many anadromous fish (including 
salmon and sea trout) has been observed in some Scandinavian rivers (cf. Grande, 
1964). Most of the mortality tests made with fish (there are unfortunately few tests 
made with invertebrates in the literature) show that the toxic effect of SWL is accen-
tuated when the pH values of the water are low (cf. Vallin, 1935, Halme, 1950). 
Grande (1964) observed a 100 % mortality of yerling trout (Saluro trutta L.) within 
9 days at an SWL concentration of about 500 ppm/l. Trout were found to die within 
16 hours in undiluted waste effluents from a paper mill and within 21 hours when 
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the dilution rate was 1/2 (Stundl, 1958). According to Halme (1950), the waste liquor 
from a paper mill was rather harmless to the hatching of the eggs of trout and white-
fish when ample amounts of oxygen were present. However, there was a high mortality 
of the eggs within 1 day in an SWL concentration of over 20 ml/l. The toxic effect 
of fibre-rich deposits on the eggs of whitefish on a muddy spawning ground in 
Lake Ocke (Sweden) was discussed by Johanson (1950). It must be noted here that 
the information given by different authors concerning the lethal concentrations and 
other effects of SWL on organisms are not quite comparable owing to the different 
chemical composition of the SWL produced by different pulp mills and to the age 
and decomposition level of the waste liquor used in experiments. 
The data of the effects of SWL on marine invertebrates, especially on oysters, 
were summarized by Gunter and McKee (1960). They report that the concentrations 
of 10 per cent SWL which are inimical to adult OIympia oysters vary with the type 
of liquor, the temperature, and the other conditions of experimental bioassays. 
There appears to be some evidence that concentrations of 8 to 16 ppm of 10 per 
cent liquor are detrimental and the threshold concentration for adverse effects may 
be even lower (cf. also Woelke, 1959). In a later paper (Woelke, 1965), he reported 
that a concentration of SWL of 7 ppm was lethal to newly hatched oyster larvae, 
and that the adult mortalities of oysters increased at a PBI of 16. 
Lasater (1953) has tested the toxicity of SWL to fish and some crustaceans known 
to be the food of salmon. The tolerance level of a mysid was at least 421-516 ppm 
of SWL within 14 days' exposure. Crab larvae, amphipods and the shrimp Spironlocaris 
appeared to be more tolerant of SWL than juvenile salmon. He observed that the 
mortality of a copepod Ca/anus finmarchicus, was significant in a concentration of 
only 50 ppm of SWL/litre during a two-week exposure period. 
The provisional tests, made by the author with three littoral and one deep water 
crustacean species (adults collected from the innermost parts of Gullmar Fjord) in 
different SWL concentrations, showed that there are differences in the tolerance of 
the species even within this highly specialized group (Fig. 14). The mortality of 
Praunus flexuosus was observed to be high even in aerated conditions, while the 
specimens of Carcinides maenas and Calocaris inacandreae showed a better tolerance 
in similar conditions. The mortality of all the species tested was higher in unventilated 
than in ventilated conditions, which shows that the oxygen deficit originating during 
the degradation of SWL is at least partly responsible for the high mortality. The 
death of Calocaris lnacandreae specimens occurred rapidly in oxygen conditions below 
13 % of saturation. Leander adspersus specimens, which usually inhabited the upper-
most water layer in the test tanks showed better survival in unventilated conditions 
than Calocaris macandreae. 
The distribution of these littoral crustaceans in the innermost parts of Salticälle-
fjord (Table 11) reflects the variations in tolerance of the different species. Carcinides 
maenas occurred at several localities near the mouth of the Örekilsäly, where the 
average PBI was over 200, while Praunus fdexuosus and Leander adspersus were rare 
5 6830-69 
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Praunus flexuosus 
Pearl- Benson 	
ventilated 
Index 
1000 
	
5000 	 I 
10 000 
20 000 
Leander adspersus 
no ventilation 
111  
111 	 _ 
1 111 _ 
1 111 
Carcinides maenas 
no vent. 	 ventilated 
IH 1 000 5000 10 000 20 000 
Calocaris macandreae 
no vent. 	 ventilated 
1 000 
5 000 
10 000 
20 000 
Number of dead spec. 
0 	5 	10 	within 2 days 
I 1 7 
number of specimens 11 
the whole numbe of 
specimens tested 
Fig. 14. The mortality rate of some adult crustaceans in different SWL concentrations 
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even in the middle parts of Saltkällefjord where the average PBI values ranged 
from 100 to 200. 
Indirect effects. The effluents from the pulp mills exert a mechanical influence 
on organisms by changing the substratum. According to Waldichuk (1960), the 
deposition of materials from pulp mill wastes on the bottom of a marine system 
contributes to a change in the bottom ecology. In the intertidal zone, the exposed 
rocks and gravel are often coated with pitch-like substances which make this usually 
productive zone unsuitable for the settling of invertebrate larvae. The scattered 
occurrence of Balanus species in the innermost parts of Saltkällefjord (Table 11, Fig. 
27), suggests that such substances will have a limiting effect on the fauna in the 
littoral of the fjord. The materials from effluents deposited on aquatic plants may 
also limit their assimilation. The littoral vegetation at the head of Saltkällefjord is 
weakly developed and no regular zones of algae are seen in the worst contaminated 
areas. In Saltkälle Bay there is richer vegetation consisting of Fucus vesiculosus and 
Zostera marina, possibly because the area receives smaller amounts of waste water 
and other allochthonous substances than the central parts of Saltkällefjord. The 
submerged vegetation may also suffer from poor light conditions due to the presence 
of SWL and other allochthonous substances introduced by the river. The Secchi 
disk values at the head of Saltkällefjord vary from 0.3 to 3.0 m, while values of 
8-10 m are common in summer in the central parts of Gullmar Fjord. The distri-
bution of many littoral animals depends on the macrovegetation and the occurrence 
of sessile or free-living diatoms (cf. Muus, 1967). 
It has been definitely established that the sugars in sulphite waste liquors stimulate 
the growth of Sphaerotilus natans in fresh water (Harrison and Heukelekian, 1958). 
Odlaug (1949) reported that growths of Melosira in a test tank receiving 500 ppm 
or SWL were very heavy. It seems probable that the effect of SWL is directly selective 
for some plankton organisms and indirectly for some plankton-eating organisms. 
6.2 THE QUANTITATIVE DISTRIBUTION OF THE FAUNA 
The macroscopic bottom fauna. Altogether 20 709 animal specimens were 
collected in the bottom samples at 28 stations in the innermost parts of Gullmar 
Fjord. The sampling sites and frequency of sampling during different seasons are 
presented in Fig. 2. The distribution of the stations according to depth and type 
of substratum is seen in Table 16. The average density of the whole bottom fauna 
(retained by 1 mm mesh) was 1 434 specimens/m". The densities of the fauna at 
different stations in the area are seen in Fig. 21. The fresh weight of alcohol preserved 
specimens from different stations is presented in Fig. 15. The greatest seasonal 
fluctuations in the biomass values are seen at localities situated near the mouth 
of the brekilsiily. At stations in the middle parts of Saltkällefjord the seasonal fluc-
tuations were smaller and at deep stations (Nos. 21 and 22) they were hardly per- 
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Fig. 15. The seasonal fluctuations of the standing crops of the benthic macrofauna at the localities 
studied 
ceptile. The seasonal fluctuations of the densities of some common benthic animals 
in the fjord are presented in Fig. 16. The reasons for these fluctuations will be discussed 
later on. Maximum biomass values were generally obtained during autumn. 
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Fig. 16 (1-3). The seasonal fluctuations in density (id/m2), and distribution of some of the 
commonest benthic species in Saltkällefjord (The shaded area in the maps shows the distribution 
of the species in autumn 1964; an asteroid indicates that the locality was not sampled during that 
season cf. Nemertea). 
The mean values for biomass and density and the total numbers of the species 
found in different subareas of the fjord are seen in the following tabulation: 
Subarea 
Littoral localities (0.2-1.3 m) (St. 1 _3, 23, _3)  
Innermost parts of Saltkällefjord (4-25 m) (St. 2-11) ... 
Middle parts of Saltkällefjord (33-56 m) (St. 12-19) .... 
Deepest channel of Saltkällefjord (St. 20, 66 m) .... - - .. . 
Deep localities (St. 21 and 22) ......................... 
,,(can value 	'Mean value 	Number 
for biomass, 	for density, of 
g/m= 	 ind/m' 	cronies 
6.6 	4 331 25 
9.5 1 496 	57 
147.2 	1 785 112 
11.2 643 	35 
33.3 	604 43 
5,1 5 
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According to Molander (1928), the mean biomass value and number of species 
for the Echinocardiunz filiformis association (var. Ech. f1. + Ophiura) inhabiting the 
middle parts of Saltkällefjord were 26.7 g/m2 and 21.3 species, respectively, and 
for the Brissopsis-chiajei association living in the outer parts of Saltkällefjord 60/m" 
and 20.5 species. 
At the mouth of the Örekilsäly, the main part of the animal biomass (at some 
stations up to 100 %) consists of polychaetes. The values fluctuate from 0.0 to 
87.8 g/m". In the middle parts of Saltkällefjord, the biomass values are about 15 
times as high as those obtained at stations near the river mouth. The biomass of 
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Fig. 16 (cont.) 
brittle stars may constitute up to 60 % of the standing crop in some localities. As 
is generally known, both brittle stars and sea urchins are poor in organic matter. 
In localities where there are more mixed bottoms, the biomass of Thyasira fdexuosa 
may constitute up to 75 % of the total. Polychaetes also dominate in the deepest 
channel of Saltkällefjord (St. 20) and constitute the main part of the biomass. In the 
deep localities off Saltkällefjord both polychaetes and some molluscs, such as Thyasira 
flexuosa and Nucula tennris, predominate. The biomass values are usually small and 
molluscs account for the main part of them. 
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The meiofauna and Ciliata. The depth range of the macrofaunal and meiofaunal 
species in the substratum and the densities of the meiofauna in the innermost parts 
of Gullmar Fjord were determined by taking samples with the bottom core sampler 
at the macrofaunal sampling stations (Fig. 2). The area of the mud column sampled 
was 17.6 cm' or 1/568 m2 per station. 
TABLE 9. The distribution and abundance of the fauna in November and December 1964 at some 
stations. The figures in the columns show the number of animals collected in one bottom 
core sample (area 1/568 m2) 
(three crosses indicate high density) 
A. The innermost parts of Saltkällefjord 
Depth/ 	i Stations 
cm in 
substrn- 
tum 
3 	~ 5 	1 6 	1 7 	S 	' 9 	1 10 	1 II 
Cilia/a 	.................. O-2 
I 
I 	+ i+±   ++-H-± 	+ T _,, _I_ - _ -1_ 	.- 
Nematoda 	................ 0-2 25 ' 	20 + 	1 	1 — 3 	10 
2-4 — — — 	1 	— — — 	— 
Turbellaria 	............... 0-2 + 1 + + 	— 	— — 	— 
Polychaela 	sp . 	............ 0-2 — — — 	1 	— — — 	- 
2-4 — — — 	2~~ 	— — — 	— 
Eleone 	longa 	.............. 2-4 — — — 	1 	— — — 	— 
Scolelepis fuliginosa 	........ 0-2 — — 1 	3 	' 	— 1 — 	- 
2-4 — — — 	2 	— — — 	- 
4-6 — — — 	— 	1 — 
Capite/la capilata 	.......... 0-2 — 2 — 	— 	— 1 — 	7 
2-4 — 1 — 	— 	— — — 	1 
4-6 — — — 	— 	— — 1 	— 
Pectinaria sp. (tubes) 	...... 0-2 — — — 	— — 
2-4 + — — • - — 	— 
Harp aclicoida 0-2 1 — 2 	— — 
Cbironomidae (remains) .... 2-4 — — + 	— 	— — — 	- 
1 	4-6 — + — 	- 	— — — 	— 
1Vassa reliculata (shells) 	... 2-4 + — — 	— 	— — — 
_A1eidir gibba (shells) 	....... 2-4 + — — 	— 	— — 
Abra alba (shells) 	........ 2-4 + — — 	— 	— — —-  
Phaxas pellucidus (shells) .. 0-2 + — — 	— 	— — — 	- 
I 
Number of living specimens 26+ 24-I- 1+I 	13=- 	2+ 2+-~I 4= 	18T 
B. The middle parts of Saltkällefjord 
Deptb, cm 	Stations 
in substratum 
41 
Ciliata ..................  
Turbellaria ............... 
Nematoda ................  
Heteromaslits filiformis .... 
Rhodine loveni ............. 
Harpacticolda ............. 
Sy rdosmya nitida (shells) .. . 
Amphlura fzliformi.c ........ 
Number of living specimens 
12 13 
0-2 — - 
0-2 + — 
0-2 — 5 
0-2 — - 
0-2 — I- 
0-2 1 
i 
— 
2-4 — — 
0-2 2 I 3 
4+ 8+ 
15 	 16 	 18 
+ 1 	+ 
— 	1 	- 
- 	1 	— 
— remains ! 	— 
2+ 	- 
The highest densities and numbers of meiofaunal species were found on sandy 
clay bottom in the middle parts of Saltkällefjord. The maximum densities recorded 
in the subareas studied (cf. Tables 9 and 10) were as follows: 24 000 ind/m2 in the 
innermost parts of Saltkällefjord, 160 000 id/m2 in the middle parts and 15 700 ind/me 
in the deepest channel (66 m). In the deep localities off Saltkällefjord a maximum 
density of only 3 400 id/m1 was recorded. The seasonal variations in the numbers 
of meiofauna seem to be great. 
TABLE 10. The seasonal fluctuations of the meiofauna in different macrofaunal communities 
in the inner parts of Gullmar Fjord (ind/17.6 cm°). For communities see Fig. 19 
1. CAPITELL_A-FULIGINOSA COMMUNITY 
Sc. 3 (l0 m) St. 6 (21 m) St. 9 (25 m) 
Nov. 	March 	May No 	' March Nov. Nov. May 	Nov. 
1964 	1965 	1965 1964 	1 	1965 1965 1964 1965 	1965 
H- H 	— +++   — +±+  + -i- 	— 	= 	+ Ciliata 	................... 
Foraminifera .............. — — 1 — — — — 	- 	- 
Turbellaria 	................ H- 1 7  -- -- — — — 	— 	-  
Nematoda 	................ 25 20 	15 2 40 — 	29 	3 
Scolelepis firliginosa 	........ — — 	— 1 — — 1 1 	- 
Capitella capitala 	......... — — 	— — — — 1 	— 	- 
Harpacticoida ............. 1 3 	— — — 1 — 	— 	- 
Calanoida — — 	— — — 1 — 	1 	- 
Osiracoda 	................ — — 	2 — — — — 	— 	- 
Sum 26+, 23+ 	19+, 1+ 2+ 42-- 2+ 	31=- 	3+ 
6 6830-69 
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2. AMPHIURA FILIFORMIS-A. CHIAJEI COMMUNITY (periodically) 
St. 12 (33 m) Sr. 15 (37 m) 
Nov. May Nov. Nov. 	 No 
1964 1965 1965 1964 1965 
Ciliala 	.................. + — -r — 	-  
Foraminifera 	............. — - 
Turbellaria 	....... 	... ± 1 2 — 	1 
Nematodes 	................ 25 6 2 — -- 265 
Pachycerian/bus mulliplicatus . — — — — 	1 (juv.) 
Glycera 	alba 	.............. --- — — — 1 (juv.) 
Prionospio cirrifera 	....... — — 	3 
Ophryotrecha puerili 	...... — — — 3 
Chaeiozone setas 	.......... — — — — 	2 
Capilella 	capilata 	......... 1 — — — - 
Terebellides sireerrri .. , ...... — — — — 	1 
Har 	acticotda 	............. p 1 1 2 — 1  
Calai7oida 	................ — — — — 	2 
iVizcii/a lemur 	............. — 1 — — - 
Thyasira flexa esa 	.. 	...... 1 — — — 	- 
Aloidis gibber 	............ — — — -- 1 
Montacula sp. 	........... — 1 — — 	- 
Amphurra frliformis ........ 2 1 2 — 1 
Sum ! 30 11 8 LH 	282 T 
3. MALDANE-FILIFORMIS COMMUNITY (St, 20, 66 m) 
Nov. 	 j Match 	 May 	 Nov. 
1964 1965 1965 1965 
	
Ciliata ................... + 	 — 	— 	- 
Foraminifera .............. 	+ + 15 1 
Nematada ................ 2 	 24 	 3 	 4 
Ophiodromru flexuosus ...... I 	— — — 1 	(juv.) 
Polyphysia crass .......... — 	 — 	 1 	 - 
Scalibregzrra inflaiunz ....... 	— — 	~ 	1 — 
Capilella capiiata ......... — 	 1 3 1 
Polychaeia sp . ............ 	— — 1 	-  
Harpaclicoida ............. 1 	 — 	 1 -  
Syndomya nitides ........... 	— — 1 	 -  
Sum 3 - 	 25+ 	 26 7 
4. MELINNA-TENUIS COMMUNITY 
St. 21 (77 m) St. 22 (117 m) 
Nov. ~ May Nov. Mery I Nov. 
1964 1965 1965 1965 1965 
Foraminifera 	............. -- -- -{- + -I- ---- -- 
2 2 3 3 1 Nemaloda 	................. . 
Turbellaria 	.............. 2  1 2 2 1 
Polychaeia 	sp . 	............. — — — 1 - 
Thyarira flexzuosa 	.......... 1 — 1 — 1 
Sum 	5+ 
i 
3 6± 6+ 3L 
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Fig. 17. The sampling sites of the littoral 
zone in Gullmar Fjord 
Ciliates were the dominant animal group in the samples taken from the mouth 
of the Örelcilsäly and adjacent localities, and seemed to reach their maximum densities 
in autumn. Owing to the large mesh, 250 ~, used in the washing procedure no exact 
estimates can be made of the numbers of ciliates present (three crosses in the Tables 
indicate a high quantity). Some species collected in the area in autumn 1965 were 
identified by Dr. Dragesco. The commonest were Metopus contortus Quenn., Plagiophyla 
ovala Kahl, and Prorodon cf. dubius Kahl. Less common were Sonderia smuata Kahl, 
Tiarina fusus Clap. & Lach., and Holophrya sp. Euplotes vanhus (O.F.Maller) was 
found in the middle parts of Saltkällefjord (St. 12). 
Foraminifers dominated in the samples taken from the outer parts of Saltkälle-
fjord and in the deepest channel of Gullmar Fjord. They seemed to avoid the polluted 
bottoms in Saltkällefjord. The proportion of living specimens in the material was 
small. 
The littoral fauna. The littoral macrofauna at depths of 0.2-1.3 m was studied 
by the author at 13 stations (Nos. 4-16 in Fig. 17) in the innermost parts of Gullmar 
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TABLE 11. The distribution of some littoral species in the study area (for locaLity of stations 
see Fig. 17) 
sta[ions 
t 	12 	3 	4 	5 	6 	7 	8 	9 	10 	111 72 	13 	14 	15I 	16 	171 18 	19 	20 	37 i 	2. 
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COELENTERAT_A 
Djnarnena puerila (L.) ..... . 
Prosa ihea simplex Carlgr. . 
Metridirmi senile (L.) ....... 
POLYCHAET_A 
NereL- diversicolor O.F.M. . 
Arenicola marina (L.) ..... . 
OLIGOCHAETA 
Nair elingric Muller ...... 
Tubifex cosIatus (Clap.) .... 
Peloscolex benedeni (Udekem.) 
Lirnnôdrilu.c s p. .......... . 
CRUST_ACEA 
Balanii.c improvisus Darwin . 
B. balanoider (L.) ......... 
B. crenatus Bruguiere ..... 
Neomysis vulgaris 
(J. V. Thomps.) 	... 
Praernu.c flexuorus C.F.M. .. 
Idotea granulosa Rathkc ... . 
I. the/ipes (Pallas) ......... 
I. balt/ca (Pallas) ......... 
Jaera spp . ............... 
Gammarus spp. juveniles . 
G. sal/ ,is Spooner ....... 
G. Zaddachi Sexton sensu 
Spooner ............... 
G. locusta (L.) sensu Sars . 
G. oceanicus Segerstråle ... 
Gammarellus bomari 
(Fabricius) ............. 
Cal//spins 1aeviustuhiD(Kröyer) 
Apherwsa bispinosa (Bate) .. 
Dexamine spinosa (Montagu) 
Stenothoe nronoculoides 
(Montagu) ............ 
Hyale nilssoni (Rathke) ... 
Microdeulopus gryllotalpa 
A Costa .............. 
M. anomalas (Rathke) ..... 
Amphithee rubricate 
(Montagu) 
Ischyrocerus anguiceps Kröyer 
Sunaerpbilboe pc/ag/ca 
(Milne-Edw.) .......... 
Ericthoniur brass/ienfis (Dana) 
E. difformis Milne-Edw. .. 
Corophium volota/or (Pallas) . 
C. insIdiosum Gravford ... 
TABLE 11 (cont.) 
Carcinidec maenas (L.) ...... 
Leander adspersos (Rathke) . . 
Crangon crangon (L.) ....... 
INSECTA 
Chironomus gr. ha!ophi!ur .. 
Chirononuu gr. sa/manus ... 
Phaenopseclra sp. ......... . 
Orthocladiinae ............. 
Prodiahesa olivacea Mg. ... . 
Trichopiera ............... 
Corixa sp ................ 
Sia/is sp . 	............... . 
MOLLUSCA 
Litzorina !niorea L. ....... . 
L. obtusata L. .......... . 
Hydrobia ulvae (Pennant) .. 
Elyria viridis Mont. ...... . 
Oncbidoris muricaia Muller . 
Limaponlia capitara Muller . 
Modiolaria s p . ........... . 
Mytilus edulis L........... 
Card/urn sp. 	......... 
Abra alba (Wood) ........ 
Mya trvntaia L. ......... . 
ECTOPROCTA 
Membranipora meinbranacea 
(L.) ................... 
M. crutulenia (Pallas) ..... 
Cryptosula pallasiana (Moll.) 
PISCES 
Gobiur flavescens Flem. .... . 
Garterorteus aculeatus (L.) .. 
Platichtys flerur (L.) ....... 
Total number of species: 
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Fjord, in autumn 1964 and in July 1965. The distribution of the species found is 
presented in Table 11. In order to provide a more accurate picture of the distribution 
of the species in the fjord, some data collected by Mr. Paavo Tulkki in 1961 and 
1962 from various littoral localities (St. 1-3, and 16-22) are included in the 
Table 11. 
Although the fauna lists for different stations presented in Table 11 are not 
entirely suitable for comparison, because the littoral fauna was sampled in different 
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seasons in different localities, some conclusions may, however, be drawn from the 
data obtained: 
— There was less diversity in the littoral fauna at the mouth of the Örekilsäly and 
in the middle parts of Saltkällefjord (St. 4-14) than in the other parts of the 
study area. The lack of faunal diversity coincides with the area most contaminated 
by SWL (cf. Fig. 8 and 27). 
— The brackish-water species Balaous iY/!proDis6!s and V1embramipora srustuleeta are 
common in some localities in the littoral zone of Saltkällefjord, while in more 
saline conditions they are replaced by Balanus balarooides and Membranipora mem-
branacea. 
The small number of species found at littoral stations (16-1S) in Gullmar Bay 
may be due to almost fresh-water conditions. 
— Omnivorous Gamraarus species, detritus-feeding chironomids and amphipods, 
such as Corophiatm insidiosum and Microdeulopus gryllotalpa, and sediment-feeding 
oligochaetes dominate in the littoral fauna of Saltkällefjord, while the number 
of filter-feeders (especially of molluscs) is small. 
— Since there are great fluctuations in salinity in the uppermost water layers (cf. 
Fig. 3) and large amounts of detritus and other allochthonous substances (so-
called detritus factor, cf. Dahl, 1948) are carried into the fjord by the river, the 
faunal diversity would be rather small even in natural conditions (cf. Gislen, 
1930). 
6.3 THE BENTHIC ANIMAL COMMUNITIES OF THE STUDY AREA 
IN 1964-65 
Molander (1928) divided the soft-bottom fauna of the innermost parts of Gullmar 
Fjord into 6 associations (with several variants), distinguished on the basis of the 
»type species groups» in the sense of Petersen (1913). The occurrences of the associa-
tions described by Molander were as follows: 
1. Syndosrnya alba 	association (in Gullmar Bay) 
2. Nephthys-nitida » 	( in Färlev Fjord and west of St. Bornö) 
3. Echinocardium-filiformis 	» 	( in the middle parts of the fjord branches) 
4. Brissopsis-chiajei 	 » 	( in the deepest channel of Saltkällefjord and 
in Bredungen) 
5. Terebellides-iexuosa 	» 	( east of L. Bornö and south of St. Bornö) 
6. Melinna-tennis 	 » 	( in the deepest parts of Gullmar Fjord) 
47 
Gislen (1930) in his paper on the epibioses of Gullurar Fjord described 45 associa-
tions occurring in the littoral and sublittoral zones of the fjord. The communities 
of Molander (and Petersen) were sharply critized by Lindroth (1935), who considered 
it impossible to delimit different animal communities on the rapidly varying mosaic-
like bottom in the innermost parts of Gullmar Fjord. He further states that the 
selection of the type species involves an unreasonable disregard for the other consti-
tuents of the fauna, and that the average numbers in the fauna lists may hide important 
gradations in the composition of the fauna. 
As shown in Fig. 16 (and Table 12), the distribution of some species is very 
restricted in the study area, while others have a wider distribution area, but usually 
decrease in number towards its boundaries. The occurrence of some other species 
seems quite casual. In fact, in the present author's opinion, Poore's (1956) ideas 
on the nature of plant-communities, could equally well be applied to infaunal com-
munities. The fauna of a region could thus be conceived as a multidimensional 
net in which each knot represents a community and the connecting strings corres-
pond to environmental gradients. 
In order to define such »knots» the affinity coefficients (%) between the faunae 
of different stations were calculated according to Renkonen (1938). First the abundance 
of each species was expressed as a percentage of the total number of specimens found 
at the station. Next the percentages of each species at two stations were compared 
and the smaller figure was chosen as the common abundance value. The common 
values were then added together (Fig. 18). 
The highest affinity percentages were found between the stations at the mouth 
of the Örelcilsäly on the one hand and those in the middle parts of Saltkällefjord 
on the other. The deep water stations off Saltkällefjord seem to share the same animal 
community since they have an affinity of c. 77 %. Very low affinity values were 
found between stations 3, 8, 15 and 20 (in autumn 1964) and other neighbouring 
localities. It would appear from the affinity percentages that the soft bottoms in 
the innermost parts of Gullmar Fjord are inhabited by at least 5 animal communities 
(Fig. 19). Two predominant species are used to denominate the communities: 
1. The Chironomus gr. halophilus — Nais elinguis community (found in the littoral 
zone near the river mouth), 
2. The Capitella capitata — Scolelepis firliginosa community (living in the deeper, 
polluted areas in the innermost parts of Saltkällefjord), 
3. The Amphiura filiformis — Ansphiura chiajei community (inhabiting the areas 
with upwelling water in the middle parts of Saltkällefjord), 	 - 
4. The Maldan sarsi — Heteromasttu fzliformis community (in the deepest channel 
of Saltkällefjord) and 
5. The Melinna cristata — Nucula tennis community (occurring at deep stations 
off Saltkällefjord). 
Localities 
1 23 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 29 
■ 
NN 
Percentage of affinity 
Fig. 18. Percentage affinity between the faunae of different stations in autumn 1964 (black and 
shaded areas indicate a high affinity) 
In an attempt to standardize the procedures used when describing marine benthic 
communities Thorson (1957) proposed a series of rules for the selection and naming 
of characteristic species. The rules are in all essentials identical with similar rules 
given by Petersen (1924). According to Thorson, the characteristic species used 
in distinguishing a community may belong to one of three orders: 
1st order species: Conspicuous animals found only in one definite community, occurring in at 
least 50 % of the standard hauls, making up at least 5 % of the total living weight, and occurring 
practically everywhere in the community. 
2nd order species: Conspicuous animals confined to certain parts of a definite community, 
where they occur in at least 50 % of the standard hauls and make up at least 5 % of the living weight. 
3rd order species: Animals occurring in at least 70 % of the standard unit samples and making 
up 10 % of the living weight, but not confined to a single definite community, being found in 
quantity in others. 
To these categories must be added — associated species — or other common 
animals occurring in at least 25 % of the unit samples and making up 2 % of the 
living weight. 
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When the communities obtained with »the affinity method» are examined using 
the rules of Thorson, I arrive at the following results: 
1. The Chironomus — elinguis community 
1st order species: Nais elinguis, Chironomus gr. halophilus 
2nd 	» 	: Corophium insidiosum 
2. The Capitella -- fuliginosa community 
1st order species: Scolelepis fuliginosa 
3rd 	» 	: Capitella capitata, Ophiodromus fdexuosus 
3. The Amphiura filiformis — A. chiajei community 
1st order species: Amphiura chiajei, Amphiura falifornlis 
3rd 	>) 	: Thyasira fdexuosa, Brissopsis lyrifera 
4. The Maldane-filiformis community 
1st order species: — 
3rd 	» 	: Heteromastus faliformis, Maldan sarsi, Aloidis gibba 
5. The Melinna — tennis community 
1st order species: Leanira tetragon, Myxine glutinosa 
3rd 	» 	: Melinna cristata, Nucula tenuis, Thyasira flexuosa, Brissopsis lyrifera 
The three shallow-water communities obtained with the affinity method seem to 
fulfil the requirements laid down by Thorson for marine communities, while the 
Maldane-faliformis community is weakly defined. 
The boundaries between different communities are not stable, and during spring 
and summer 1965, the Capitella fuliginosa community was found to expand its area 
both in Saltkälle Bay and on the sawdust-rich bottom in the middle parts of Salt-
källefjord. The fauna at stations situated in the ecotones between two communities 
(as Sts. 12, 15 and 19) shows a great affinity to the fauna of localities in both commu-
nities. Because of the ecotonal character of the fauna at Sts. 12 and 15, these localities 
have not been included in the Amphiura fI formis-A. chiajei community in Table 12, 
which presents data on the frequency of occurrence and quantity of the benthic 
macrofaunal species in different communities. 
6.4 SOME ENVIRONMENTAL RANGES OF THE COMMUNITIES 
As stated by Muus (1967), among others, abiotic environmental factors such as 
salinity, temperature, oxygen content and currents (exposure) will largely determine 
the composition and distribution of the fauna. The substratum is important as an 
abiotic factor in respect of its physical characters (consistency, water content, grain 
size etc.) and as a biological factor as regards its content of organic matter and its 
microbiological turnover. 
The fluctuations in some abiotic parameters such as temperature, salinity and 
oxygen content of the bottom water are greatest at the mouth of the Örekilsäly and 
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TABLE 12. The distribution, frequency and quantity of some benthic macrofaunal species in 
different animal communities in the innermost parts of Gullurar Fjord 
Explanations: three values are given for species: the first = frequency, the second = 
maximum density/m2, and the third (below density) = maximum biomass g/m'-. 
+ indicates a biomass of less than 0.1 g/m2 
COMMUNITIES 
Sracions: 
Me/inns- 
lurni.r 
Malrlmre- 
fitif ,v, i- 
 An phiura 
flijo, O- 
A. <bi j<i 
Anpbuna 
/0.-A. dii jcr 
(periodk 11y) 
Cap/lc/!a- 
f rliginota 
Chirammnr-
clrrrguit 
21; 22 20 13; 14; 12; 15 3-5, 7-11 1,_ 	23,_ä 
16-19 
COELENTERATA 
Edward is sp .................... - - - - - 1 	5. o 2 	3.3 - 
+ + 
Pachj'cerianlbeis ölu1/iplicatns Carlgren 1 	3.3 - 2 	5.0 1 	3.3 1 	3.3 
12.6 0.5 0.1 + 
NEMERTINI ................ 2 	13 - 4 	40.0 2 	20.0 4 	45.0 - 
+ 1.8 3.s 1.0 
POLYCHAETA 
Lepidonolcs squamatus (L.) ........ - - 1 	60.0 - 1 	3.3 - 
1.0 0.1 
Gattyana cirrosa (Pallas) 	.......... - - 2 	5.0 1 	3.3 - - 
Leanira tetragon (Örsted) ........ 2 	20, o - - - - - 
10.7 
Pholoe mTouta (0. Fabr.) 	......... 1 	3.3 - 6 	40.0 2 	130.0 5 	20.9 - 
f - 0.2 0.4 0.1 
Evorida sanguinea (Örsted) 	........ - - 1 	3.3 2 	15.0 - -  
+ 0.1 
Anaitides mucosa (Örsted) 	........ - - 1 	3.3 1 	3.3 1 	3.3 - 
Eteone lunga (Fabr.) 	.............. - - - - 4 	15. o -  
0.1 
Ophiodromus flexuosus delle Chiaje . 1 	6.6 - 4 	23.3 2 	10.0 5 	50.0 - 
0.3 1.0 0.2 4.6 
Nereimyra (Castalia) prrnctata 
(O.F.M.) 	.................... 1 	3.3 - 2 	16.6 - 1 	5.o - 
0.1 0.1 + 
Sy11is come/a Rathke 	............. 1 	3, 3 - 3 	6.6 - - - 
Glycera alba Rathke 	............. - 30.0 5 	50.0 2 	10.0 5 	23.3  
0.5 5.0 1.2 5.2 
G. rouxi Audoin et M. Edwards .. - 3.3 4 	23.3 - - -  
0.1 1.7 
Goniada mattdata Örsted 	......... - 3.3 5 	23.1 1 	30.o 1 	3.3 -  
0.1 0.7 1.4 0.3 
Sphaerodorum gracile (Rathke) ..... - - 1 	5.0 1 	5.0 - -  
h + 
Nephtys hombergi Audoin et M. Edw. - - - - 3 	16.5  
N. incisa Malmgren 	............ 2 	33.3 - 2 	. 	16.6 - 1 	3.3 - 
5.3 0.9 ? 
N. paradoxa Malm 	............. 2 	20.0 3.3 - - - - 
3.3 3.3 
Nereis diverxicolor O. F. Muller .... - - - - 4 	20.0 3 	225.0 
3.4 0.5 
Lur4brinereis frcgilis (0. F. Muller) 1 	3.3 - 1 	3.3 - - -  
. + + 
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COMMUNITIES 
Me/inna- 
leuuir 
Ma/nano- 
fiIifarn;it 
Aoipl,ia;a 	Amp/java 
frliformis- 	 fil. A. cbiajci 
A. chiajei 	(periodically) 
Capile!!a- 
fuIigiH0m 
CGironoiva-
dingn,: 
21; 22 20 13; 	14; 	12; 15 3-5, 7-11 1t _, 	23t _, 
16-19 
- - 3 	16.6 - 1 	3.3 - 
0.2 + 
- - - 1 	3.3 2 	6.6 - 
2 	6.6 3.3 - - - - 
7.7 0.6 
- - 2 	10.0 - - - 
1 	6.6 10.0 6 	33.3 2 	3.3 - - 
0.1 + 0.1 + 
- - 1 	5.0 2 1 550.0 7 7 550. o • - 
0.1 11.6 62.3 
- - ' 	- 1 	5.o 3 	60.0 - 
+ 0.1 
- - 2 	10.0 1 	dead - - 
0.1 
- 3.3 2 	43.3 2 	26.4 3 	15.0 - 
+ 1.2 0.2 0.2 
1 	10.0 3.3 3 	20.0 1 	60.0 1 	5.o - 
0.1 + + 0.1 +. 
- - 1 	6.6 1 	5.0 - - 
0.1 0.1 
- - 3 	20.o - - - 
0.2 
- - 5 	20.o 1 	5.o 
- 
- 
1.6 0.5 
- 3.3 6 	30.0 1 	15.0 1 	3.3 - 
0.4 12.3 5.0 + 
1 	3.3 16.6 6 	140.0 2 	210.0 - 
+ 0.1 5.4 8.7 
- 26.6 2 	10.0 2 3 370.0 8 6 930.0 - 
0.3 0.1 22.3 27.2 
1 	23.3 669.3 2 	113.2 2 	650.0 4 	100.0 
0.1 5.7 0.5 1.5 0.4 
- 3.3 1 	10.0 - - - 
+ 1.o 
1 	6.6 16.6 5 	100.0 - - 
0.3 0.8 12.5 
1 	16.6 193.0 4 	116.5 - - - 
0.1 3.9 1.3 
- - 2 	10.o1 - - - 
0.1 
- - 2 	3.3 - - - 
- 3.3 2 	5.o 2 	10.0 2 	15.0 - 
+ 0.1 2.o 0.5 
- - 5 	15.01 15.0 - _ 
1.0 0.9 
- - 2 	6.6 1 	50.0 1 	30.0 - 
0.1 1.0 0.1 
- - - - 2 	15.0 - 
0.1 
Stations: 
L. hibernica McIntosh ........... 
Scoloplos armiger (0. F. Muller) .. 
Aricia norvegica Sars ............. 
Faraonu lyra Southern ........... 
Spiophanes krögeri Grube ......... 
Scolelepis fuliginosa (Clap.) ........ 
Polydora ciliata (Johnston) ....... 
Prionospio malmgreni Clap. ....... . 
Disoma multisetosilm Orsted ....... 
ChaetoZone se/osa Malmgren ......  
Pherusa plumosa (0. F. Muller) . 
Diplocirrus glaucus (Malmgren) ... 
Brada villosa Rathke ............. 
Polyphysia crassa (Örsted) ........ 
Scalibregma info/urn Rathke ....... 
Capitella capitata (0. Fabricius) .. 
Heteromastus ftliformis (Clap.) .....  
Rhodine gracilior (Tauber) ........ 
R. loveni Malmgren ............. 
Maldane sarsi Malmgren ......... 
O venia fusiformis delle Chiaje .....  
Myriochele ocielata Zachs .......... 
Pectinaria koreni Malmgren ....... 
P. auricoma (O.F.M.) ............ 
_A2nphareie grubei Malmgren ......  
Ampharete sp . .................. . 
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TABLE 12 (cont.) 
COMMUNITIES 
Mr/inn,- 	Ma/due- 
uii; 	 frlrjornn; 
Anpl - 
/i/rjarmi- 
A. sbi ji 
Aoipbi;nn 
f /-A. cGrajer 
(periodically) 
Capil.//a- 
jdiginosn 
CGirananm;-
lissgnii 
21; 22 	20 	13; 14; 	12; 15 	3-5, 7-tt 1,_s 	23~_~ 
16-19 
2 	16.s - 4 	20.0 2 	5.o - - 
0.1 0.3 0.1 
2 	246.4 - 5 	133.2 1 	5.o - - 
8.t 4.3 0.1 
1 	6.6 - 3 	16.6 1 	10.0 - - 
- 3.s 0.4 
- - - - - 54125.e 
0.1 
- - - - 2 	175.0 2700.( 
0.3 2.: 
- - - 2 	46.6 410.o 25. e 
0.1 0.5 0.1 
- - 1 	6.6 1 	5.0 1 	5.0 - 
0.7 0.4 + 
- - 2 	10.0 - - - 
0.9 
- 3.3 1 	5.0 - - - 
+ 0.5 
- - 1 	5.o 1 	5.0 1 	5.0 - 
•
- 	
+ 0.2 + 
- 2 	15.0 - 3 	3.3 - 
0.1 -L 
1 	13.3 20.0 4 	10.0 - - - 
--. 0.1 0.i 
2 	33.3 - 3 	16.6 
0.2 + 
- - - - 1 	3.3 2 	75.c 
+ 0.'- 
- - - - - 3 	400. c 
0.3 
- - - - 2 	5.0 - 
3.9 
- 6.6 2 	6.6 - - - 
0.1 6.4 
- - 1 	5.0 - 3.3 6 	8775.0 
+ + 
- - - 1 	3.3 3 	6.3 - 
0.i 0.1 - 
- 3.3 4 	10.0 1 	15.0 - - 
+ 0.2 0.1 
- - 5 	63.3 2 	16.s 2 	49.5 - 
1.3 0.1 0.1 
Stations: 
Anobotbrus gracilis (Malmgren) ... . 
Melinna crisiata (Sars) ........... 
Terebellides stroemi Sars .......... 
OLIGOCHAETA 
Nais elinguis (O.F.M.) ........... 
Tubifex rostanis (Clap.) ........... 
Peloscolex benedeni (Udekem.) ..... 
SIPUNCULOIDEA 
Phascolosorna vulgare Blainville .... 
P. margaritaceum Sars ........... 
Phascolion s1ronsbi Montagu ....... 
CRUSTACEA 
Balans balanoides (L.) ............ 
Diastylis rathkei Kröyer .......... 
D. boecki Zimmer .............. 
Eriopisa elongata (Bruzelius) ...... 
Coropbiiim voluda/or (Pallas) ....... 
C. insidiosum Crawford .......... 
Gareinides maenas (L.) ............ 
Calocaris rrracandreae Bell .......... 
INSECTA 
Chironomidae ................... 
MOLLUSCA 
Boreochilon rarber L . ............. . 
Chaetoderma nitidulum Loven ..... 
Hydrobia ulvae (Pennant) ......... 
1Vassa 	reticulate 	L............... - - - 
Phi/ioe aperta 	L . 	................ - 3.3 - - 
0.1 
Niecula ni/ida 	Sowerby 	.......... - - 	5 S0.0 1 120.0 
12.7 30.8 
N. 	sulcata 	Bronn . 	.............. - 
- 	
3 5. o - 
_6.6 N. 	len/tir 	(Montagu) 	............  ~ 2 	_73.0 ~ 	5 13.0 	 / ~ - 
6.7 0.3 	! 6.s 
M ttihu 	ed~tlrr 	L. 	................ - 	I~ - - 	1 10.0 
0.1 
Thyprira flexuo.ia (Montagu) + Th. 
semi Philippi 	................. 2 	290.0 23.3 	6 363.0 2 1 730.0 
3.o 0.4 50.0 137.s 
Monlacula 	sp . 	.................. - - 5 692.6 ~ 2 730.0 
2.0 5.6 
Syndocmya nj/ida Milll. 	........... 1 	5 26.6 5 75.0 2 50. o  3.9 
0.7  8.0 1.6 
Abra alba 	(Wood) 	.............. - - 1 5.0 2 10.0 
4. o 4.6 
Mya truncala L . 	................. - 3.3 
1 
3.3 
-Aloidis (Corbala) gibba Olivi ..... - 36.6 4 13.3 12 20.0 
- .G 0.s' 
Phaxas pellu cid /fs (Pennant) 	....... - - - 
PHORONIDEA 
Phoronis mu//en i Selys-Longch. ... 1 	20. o - 	2 5. o - 
0.1 - 
4 	5.0 
4.3 
4 	92.4 
0.6 
2 	12.5 
0.1 
2 	20.0 
0.1 
3 	13.2 
4 	99.0 
0.3 
2 	3.3 
1 	3.3 
0.2 
4 	69.3 
1.0 
4 	49.5 
0.5 
1 	5.o 
-F 
1 	25.0 
1.5 
1 200.0 
0.2 
TABLE 12 (cont.) 
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Chirouonurr 
c/ing'eir 
COMMUNITIES 
McIimta- 	Ma/dame- I Ampbiura 	I Auphimn 	Cap//e//a- 
/.a,,ie 	fihiJa,vaie fi/iformie- 	fil. A. cl/ ajar fa/gnmru 
A. chiajei 	I (periodically) 
Stations: 21; 22 	20 	13; 14; 	12; 15 	3-5, 7-11 	lt _ 23,_s 
16-19 
ECHINODERMAT_A 
Am 
p 	
ra chia ei Forbes 1 	6. G 	10. o 6 	1 S0.0 	2 
I 
65. o 1 5.0 
A. 	li ormir 	O. F. Muller) ...... 
p ~
J -- 	1.3 
3.3 
44.0 
5 	1 105.0 ~ 2 
17.9 
960.0 2 
0.5 
10.0 
0.2 	I 106.5 112.0 0.5 
(-_)1 /,;v,...,  alAida Forbes - - 	3 	10 o -  .......... 
O.2( 
Echipncarditrni cordetarre (Pennant) .. - - 	2 10.o - 
151.o 
Brissopsic Lyrifera (Forbes) 1 6.6 	3 23.1 	1 11 99.5 
60.6 113.5 99.5 
TUNICITA 
AScidieUa aspersa (0. F. Muller) . - 	- 	2 3.3 - 	1 
0.7 
Dendrodongrosuularia (v. Beneden) .. - 	3.3 - 	!i 1 3.3 	2 
i + 
Number of species in each 
community 	................... 43 	35 112 59 
Average biomass g/m2 33.3 	11.2 151.2 157.5 
- I 
5.0 
1.0 
7.o 
1.8 
57 
9.5 
25 
6.6 
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smallest in the deep parts of the fjord (Tables 2 and 3). According to the Venice 
System (1958), the littoral localities (inhabited by the cbiroHDrnus-elinguis community 
in the fjord) represent oligo- and mesohaline zones, with great fluctuations in salinity 
(a poikilohaline zone). The deeper bottoms at the mouth of the river (inhabited by 
the Capitella fuliginosa community) belong to the polyhaline zone and other areas 
and communities living in deeper water to the mixoeuhaline zone. Some environ-
mental ranges in which the communities were found to live in the study area are 
presented in the following tabulation: 
Communitc Depth Salinity I range/°C 0. 'ange/ 
range/m range/°lo° O1$/l 
Chiram n u-elino«is 	................... 0.2- 1.3 1.0-32.0 0.2 -20.5 ? 
Capitel/a-Jr/iginosa 	................... 4.0-25.0 8.o-33.s 0.4 -17.0 0.0-13.5 
Amphiura fiIigorrnis-A. cbinjei 	......... 33-56 30.1-34.1 3.4-12.9 2.9- 9.3 
Maldan Cclifsnins .................... 56-66 33.2-34.5 6.1 -11.7 0.3- 7.6 
Melissa-femis 	....................... 77, 117 34.0-35.0 4.5- 7.4 2.2- 6.7 
The distribution of the communities and different bottom types in Saltkä1lefjord 
are presented in Fig. 19. According to this highly generalized figure, there seems to 
be a close connection between the occurrence of communities and the type of substra-
tum. The Chirononzus-elinguis community occurs in the fjord mainly on silt bottoms 
and the Capitella-fuliginosa community mainly on bottoms consisting of sulphide 
clay with high amounts of detritus and sawdust. The distribution of the Amphiura-
rich communities coincides with the distribution of sandy clay bottoms in the area 
of upwelling water in the middle of Saltkällefjord, while the Maldane-ftliformis com-
munity occurs on sulphide clay bottoms in rather deep water. The material collected 
by the author from the deep localities off Saltkällefjord is too small to permit of 
definite conclusions, but the data of Molander (1928) show that the Melinna-tenuis 
community tends to prefer soft mud-like bottoms at depths below 60 m in Gullmar 
Fjord. According to Molander (1962), the hard sandy clay bottoms of the fjord 
are inhabited by the Terebellides fexuosa association (var. Ter. flex. -- Leda) at depths 
of 77-80 m and (var. Ter. flex. -;- Melinna) at depths of 86-100 m, while the Melinna-
lenuis association (var. M. ten. T Maldane) is found on sulphide clay bottoms at 
depths of 60-74 m and (var. M. ten. + Brissopsis) in the deepest channel of the 
fjord. Since some abiotic environmental parameters fluctuate only slightly at the 
bottom of the deep parts of the fjord, the depth and quality of the substratum seem 
to play a large role in determining the species composition of the communities. 
6.5 THE DIVERSITY OF THE FAUNA 
One of the basic principles of biocoenology (cf Thienemann, 1920) is that animal 
diversity decreases with the divergence of the environmental conditions from those 
which are optimal for the majority of the species. The diversity of the fauna at some 
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Fig. 19. The quality of the sediment and distribution of the animal communities in Saltkällefjord 
in 1964-65 
stations in the innermost parts of Gullmar Fjord is presented in Fig. 20. The lowest 
diversity values are found at the mouth of the Örekilsäly in both the Chironomus-
elinguis and the Capitella fuliginosa communities. In those localities where the fauna 
is limited by low salinities and temperatures, and by pollution one or two species 
may comprise over 90 % of the total specimens. A similar tendency is seen in the 
species composition at St. 20 in the deepest channel of Saltkällefjord where the limiting 
0 22 
GULLMARFJORD 
00 
80 
1500 
ind/m2 
1000 	DcnsIty of berthas 
i nd/m2 
500 
0 1 
100 
80 
60 
00 
20 
0 
Locolities 	17 10 
21 	20 19181612 10 9654 
SALTKÄLLEFJORD 
percentage of different 
feeding types 
56 
20 	30 	G0 	50 	60 	70 	90 	90 	10( 
50 
DOMINANCE 
p:e—  
—y— .. 6 
O 	 8 
 
—o— , 1 
—-17  
	
—.— . 20 	 Ä 
21 
30 ✓~ 
20 w 	 !t 
{ 
z 	 ~ 
5 
	
cernivere: 
Suspension feeders 
Selective deposit teeders 
Unsetective 	(limivoresl 
10 	20 	30 	00 	50 	60 	70 	80 	90 	100 
Fig. 20. The diversity of the benthic macrofauna 	Fig. 21. The density of the macrofauna (ind/m2) 
at some stations in Gullmar Fjord in autumn 	and the percentage distribution into feeding 
1964 	 types of the specimens collected in autumn 1964 
factor is the low oxygen content. The optimal habitats for the majority of the animals 
in Saltkällefjord seem to exist at St. 17 in the zone of upwelling water. It is typical 
of this station that no species has an abundance value of more than 25 %. 
6.6 THE ABUNDANCE OF SPECIES BELONGING TO DIFFERENT 
FEEDING TYPES 
The classification of the species into different feeding types in the following discussion 
is based mainly on the investigations of Blegvad (1914), Hunt (1925), Enequist 
(1949), Savilov (1957), Turpaeva (1957), and Sanders (1960). The following feeding 
types were separated: 1) Limivores (non-selective deposit-feeders) such as Oliaochaeta, 
Capitellidae, Maldanidae etc., 2) Selective deposit-feeders (such as many Polychaeta 
Sedentaria and molluscs), 3) Suspension-feeders = species mainly feeding on material 
in suspension or plankton, such as Sabellidae, some crustaceans and several mussels, 
and 4) Carnivorous species such as some coelenterates, crustaceans and probably 
some polychaetes. The division presented above will give only a rough picture of 
the specialization of the species and their feeding behaviour, since many species 
are observed to have several feeding habits, and the feeding behaviour of many 
animals is almost unknown. 
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The proportions of the different feeding types at some stations situated along 
the main axis of Saltkällefjord are presented in Fig. 21. The values are based on 
the material collected in autumn 1964. The following conclusions can be drawn 
from these data: 
— The proportion of carnivorous species is usually less than 10 % and is greatest 
on the shallow bottoms. 
— The proportion of limivorous species is greatest on bottoms where the organic 
content is high (indicated by great losses on ignition), and the oxygen content 
is low. A high number of limivorous species in bottom samples may indicate 
polluted conditions. 
— The proportion of suspension-feeders is greatest on bottoms where the bottom-
sweeping currents are strong, as in the zone of upwelling water in Saltkällefjord 
and probably too in the sill area of Saltkällefjord (question-marks in Fig. 21). 
Owing to the high numbers of Thyasira flexuosa, the suspension-feeders are also 
well represented in the deepest channel of Gullmar Fjord. 
— The selective deposit-feeders are rather evenly distributed throughout the study 
area. The high percentage of the group on the polluted bottoms at the mouth 
of the Örekilsäly is due to an abundance of Scolelepis f th,,ainosa, and the high 
percentages at the deep localities off Saltkällefjord mainly to high densities of 
Syndosnya nitida, 1Vucula tenuis and Melinna cristata. 
Both non-selective and selective deposit-feeders are common on bottoms where 
the consistency of the sediment is loose, the water content high and the ignition 
loss percentages more than 4 % ( cf. Fig. 12). Very soft bottoms are unfavourable 
for the filter-feeders, since they may have difficulties in maintaining their position 
in the sediment surface and those which are epibiontic cannot find suitable substrata 
for attachment. 
6.7 THE PENETRATION OF THE FAUNA INTO THE SUBSTRATUM 
As stated before (Fig. 12), the sediments in the polluted area of the fjord are generally 
loose and the content of interstitial water is high. The low consistency of these 
deposits should favour extensive vertical penetration by burrowing animals, but 
anaerobic conditions and the presence of hydrogen sulphide in the interstitial spaces 
probably limit this activity, and the sediments at the mouth of the Örekilsäly are 
seldom inhabited below a depth of 4 cm (Fig. 13). As was shown in Tables 9 and 
10, the main occurrence of most of the groups of benthic animals is in the uppermost 
two centimeters of the substratum (cf. also Fenchel and Jansson, 1966, Muus, 1967). 
According to Jansson (1968), the main limiting factors for interstitial animals in 
sandy beaches are 1) the amount of pore water, 2) availability of oxygen, 3) extreme 
grain sizes, 4) the microbial fraction of organic matter (suitable food), and 5) tem-
perature and salinity, especially in estuaries and in the intertidal zone. A combi- 
S 6830-69 
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nation of the same factors may to a large extent determine the abundance and ver-
tical distribution of the fauna on sublittoral and profundal soft bottoms too, though 
here the fluctuations of salinity and temperature are generally smaller than on sandy 
beaches. The depth range of some animal groups in the substratum in Gullmar 
Fjord was studied by Molander (1928 b) and by Ekman (1947). The data of Molander 
(Table 13) show that polychaetes dominate in the deep layers of the deposits, while 
crustaceans and molluscs are usually restricted to the uppermost layer of the substratum. 
Of the polychaetes, Glgcera alba, Notomastus latericeus and the maldanids are especially 
likely to occur at depths of more than 10 cm in the deposits. In the present material 
from Saltkällefjord (Table 14) the nematodes and Capitella capitata occurred deepest 
in the substratum. The possible limiting effect of pollution of the bottoms on the 
penetration of the fauna is seen when the data of Molander are compared with the 
present results from Saltkällefjord (Table 15). 
TABLE 13. Depth range of some animal groups in substratum in Gullmar Fjord (number of 
specimens found) 
(after Molander, 1928 b) 
Depth/cm 	 Polychnea 	Echi-der- 	MolLrtca 	C'culacea 	Pcrccntagc of 
oia/a 	 intal fauna 
0- 	5 	................... 142 95 43 12 81.0 
3- 	7 	................... 16 6 0 0 6.1 
5-10 	................... 31 2 5 	i 0 10.5 
8-12 	................... 6 0 0 0 I 	0.s 
TABLE 14. Distribution of Neinnaloda and Capilella cctpitala in different layers of substratum in 
Saltkällefjord in 1964-65 (occurrence as %) 
Dcpth/cm 
	
Nrnm/od 	 I CapiJdä c Pi/aJu 
0-1 .................... 	 40.4 	 68.s 
1-2 .................... 40.4 12.s 
2-3 ..................... 14.s 	 6.2 
3-4 .................... 	 3.3 12.5 
5-6 .................... 	 0.2 	 0 
TABLE 15. Distribution of benthic animals (%) in different layers of substratum in different types 
of bottoms 
Dcprhjcn Molander, 1928 b I Tbis study 
soft clay hard clot sandy clay i sawdust- and 
gravel 6bcrrich deposits 
0 	- 	2.s 	............... 53.3 54.2 65.5 60.0 
2 	- 	2.5 	............... 17.7 16.2 30.6 30.0 
5 	- 	7.5 	............... 16.2 0 I 	10.o 
7.5-10 	............... 10.4 9.6 4.1 0 
10 	-12.5 	.............. 2.s 3.2 0 0 
12.s-15 	............... 0.9 0 0 0 
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6.8 SOME ENVIRONMENTAL RANGES DETERMINING THE OCCUR-
RENCE OF SPECIES 
The preceding chapter (6.4) dealt with the ranges of some parameters of the habitats 
of the animal communities in the innermost parts of Gullmar Fjord. Since the ranges 
given for the communities are valid only for the type species or the type species 
groups, Table 17 provides a more detailed analysis of the abiotic parameter ranges 
of the localities where some soft bottom invertebrates were found. Comparisons 
are made with the material collected by Molander during the period 1923-26 in 
Gullmar Fjord and the adjacent waters (Molander, 1928). 
The values presented in Table 17 are largely provisional, since the interstitial 
conditions were not sufficiently studied and no distinction is made between juvenile 
and adult specimens. Some of the oxygen values were measured from water taken 
with the bottom core sampler, and they thus show the oxygen content at the mud-
water interface. In most cases the following information is given for each species: 
a) frequency (number of stations inhabited by the species/total number of stations 
investigated, 26 in this study and 66 by Molander, 1928), b) depth range (cf. also 
Fig. 23 a—b), c) temperature range, d) salinity range, e) oxygen range, f) the type 
of substratum preferred by the species, and g) the relation of the species to pollution. 
The distribution of the sampling sites according to depth and type of substratum 
is seen in Table 16. Three localities studied by Mr. Paavo Tulkki in the outer parts 
of Saltkällefjord (45-47 m) in 1962-63 are included in the material of this study, 
and the localities situated in the oligohaline zone at the mouth of the Örekilsäly 
are excluded. Since both the horizontal and vertical distribution of the species is 
largely dependent on the local combinations of the limiting master factors such as 
TABLE 16. Distribution of the sampling sites according to depth and type of substratum 
Dcp,hjm 	 I Th.s stud} 	 Volnndcr, 1928 
0— 1 	...................... 3 0 
1— 5 	......................I 2 2 
5— 10 	...................... 2 3 
10-20 ...................... 3 9 
20— 40 	...................... 9 23 
40— 60 	...................... 4 17 
60 -100 	...................... 2 	 14 
100 -120 	...................... 1 3 
Substratum 
sand 	and 	gravel 	.............. 1 2 
sandy 	clay 	................... 9 36 
sandy 	sulphide 	clay 	.......... 3 3 
soft 	clay 	.................... 1 28 
sulphide 	clay 	................ 6 8 
organic 	gyttja 	................ 3 0 
silt......................... 3 0 
2. 	y 
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Fig. 22. Some critical areas for the distribution of the euhaline, stenothermal and steno-oxybiontic 
faunal component in Saltkällefjord 
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Fig. 23 a. The bathygraphic distribution of some Polychaela in Gullmar Fjord 
(the mean densities id/m5 have been calculated according to Molander, 1928) 
1. Pholoe mimtia 	 7. Chaetozone setosa 	13. Amphicteis gunneri 
2. Glycera alba 8. Polyphysia crassa 14. Anobothrus gracilis 
3. Goniada macu/ala 	 9. Scalibregma inlatum 	15. Pectinaria koreni 
4. Nephtys indra 10. Rhodine loveni 	 16. Melinna crislata 
5. Spiophanes kröyeri 	11. R. gracilior 17. Terebellides rtroemi 
6. Lumbrinereis fragilis 12. Maldan sarse 
61 
0 
m 
20 
40 
60 
80 
100 
120 
0 
20 
62 
B. MOLLUSCA + ECHINODERMATA 
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Fig. 23 b. The bathygraphic distribution of some Mollusta and Echinoderrrata 
in Gullmar Fjord (the mean densities are according to Molander, 1928) 
1. Phi/inc aperia 	 5. N. tennis 	 9. Amphiura filiformis 
2. Turn/thee tommuns 	6. Thyasira flexuosa 	10. A. chiajei 
3. Nutida nilida 	 7. Aloidis gibba 	 11. Brissopsis lyrifera 
4. N. sulcala 8. Syndosmya nitida 
salinity, temperature, oxygen content and type of substratum Figs 22 and 23 can 
be used to complement Table 17. 
One of the most important conclusions which can be drawn from the data pre-
sented in Table 17 is that the fauna of the polluted area of Saltkällefjord consists 
mainly of shallow water species, which are to a great extent euryhaline and euryther- 
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TABLE 17. The ranges of some abiotic parameters of localities, where some soft bottom inverte-
brates were found in Gullmar Fjord. 
Explanations: freq. = frequency (n/26 in 1964-65 and n/66 in Molander (1928), 
Bottom type = type of substratum preferred by the species (S = sand and gravel, 
Sc = sandy clay, HSC = sandy sulphidic clay, C = soft clay, HC = sulphide clay, 
and G = organic gyttja). In the last column of the table (R): F = species probably 
favouring polluted areas, I = indifferent species and N = species absent from polluted 
areas. Optimum values are presented below the range values 
POLYCHAETA 
frcq. depth range 
m 
t rangel 
°c 
S range! 
°boo 
0_ range/ 
m8/1 
Bottom 
type 
R 
Lepidonolus squamalus (L.) . . 2/26 6.5; 	34 0.6-16.7 21.i-34. 5.0- 8.6 SC N 
Gallyan cirrosa (Pallas) 	.. 4/26 33- 56 3.4-12.9 30.1-34.3 2.9- 8.1 SC N 
1/66 (33- 34) 
Harmothoe irrpar 
(Johnston sensu Malmgr.) 2/26 13- 45 3.s-13.o 23.9-34.4 ? C, S N 
4/66 
H. 	imbricata (L.) 	......... 5/66 0.5-24.6 0. o-18.2 22.s- ? ? HC, C N 
H sarsi Kinberg 	......... I 	1/26 0.5-108 ?-20.5 4.0-35.0 ? C N 
4/66 
Leanira tetragon (Örsted) 2/26 64-118 4.5- 7.0 33.6-35.0 2.2- 6.s liC N 
5/66 
Pboloe minuta (0. Fabr.) 	.. 18/26 10-118 0.4-18.2 21.1-35.0 0.3-12.5 SC, I 
33/66 (13- 56) (3.4-12.8) (31.5-34.0) (2.9-12.5) HC 
Parampbinome pulchella (Sars) 1/26 56-117 4.2- 7.0 34.0-35.0 2.4- 4.8 HC N 
7/66 
Eunjida sanguinea (Örsted) 3/26 33- 45 3.3-12. s 30.7-34.4 3.1- 8.1 SC N 
E. bahusiensis Bergström .. 1/26 33- 34 ?-12.4 32.9-34.1 ? SC N 
1/66 
Sige fusigera Malmgren 	... 2/26 45- 47 ? ? ? SC N 
Anaitides groenlandica 
(Örsted) 	............... 1/26 7- 51 ?-12.8 32.5- ? ? Sc, N 
4/66 HC 
A. mucosa (Örsted) 	........ 3/26 10- 37 6.5-12.3 21.1-34.1 ? SC N 
Hypoeulalia bilineala 
(Johnston) 	............ 2/26 37; 	45 ? ? ? SC N 
Eteone Tonga (Fabricius) 	... 4/26 5- 20 0.4-16.7 21.1-33.7 0.3-12.5 HC F 
1/66 
Ophiodronst!s flexuosus 
delle 	Chiaje ............ 12/26 10- 75 0.7-16.7 21.1-34.8 3.i-13.5 HC F 
12/66 (13- 34) 
Nereimyra punctata (O.F.M.) 4/26 13-117 0.4-15.6 23.9-34.8 2.9-13.0 HC-C I 
10/66 (51) 
Syltis 	cairn/ta 	Rathke 	.... 4/26 34- 75 6.3-12.8 32.1-34.8 ? C-SC N 
Glycera alba Rathke 	....... 15/26 10- 83 0.4-16.7 21.1-34.8 0.3-13.5 SC-HC I 
. 37/66 (33- 56) (3.4-1.1. s) ( 33-34) (4.8- 8.2) 
G. rouxi Audoin et M. 
Edwards 	.............. 8/26 23- 77 3.4-14.5 30.8-34.7 1.9- 7.8 SC-HC N 
19/66 (34- 44) (4.5- 7.8) 
Goniada mactdata Örsted 	.. 11/26 18- 78 1.3-18.2 23.8-34.5 3.8-10.7 S-HC N 
41/66 (33- 44) 
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TABLE 17 (cont.) 
frcq. depth 
m 
range ! range/ 
~ °C 
S range/ 
° /oo 
0_. r ngc/ 
tug/1 
Botcom 
 rVpc 
R 
2/26 34- 74 ?-12. i ?-34.7 
ill 
? SC N 
3/66 1 
3/26 17- 45 3.4-12.5 23.s-33.s 5.o- 5.4 SC N 
3166 
1/26 10-110 0.6-16.7 21. i-35. o 5.0- 8.o C-HC N 
3/66 
3/26 5- 66 0.6-18.2 21.1-34. s 3.0-12. s HC-SC I 
14/66 (13- 16) (5.0-12.8) 
7/26 5-117 3.4-18.2 21.1-34.8 2.4- 9.i SC-HC N 
35/66 (37- 75) 
4/26 45-117 4.5-11.4 32.4-34.8 2.4- 7.8 SC-HC N 
1/66 
7/26 10.3- 22 0.2-19.4 1. s-33.6 3.2-13. s . silt- F 
1/26 
(0.3 
70-118 
-1.3) 
6.3- 6.6 34.0-35.0 ? C; SC N 
9/66 
2/26 7-118 3.4-18.2 29.4-35.0 ? SC N 
46/66? 
6/26 16- 47 0.6-13.0 24.3-34.0 4.3- 8.1 SC-C N 
3/26 7- 33 0.4-18.2 21.1-33.6 2.9-13.5 HC-SC I 
6/66 
3/26 56-117 4. s-10. s 33. s-35.0 2.4- 6.9 C-HC N 
8/66 
2/26 47; 56 3.5-10.9 33.3-34.2 4. s- 6.1 SC N 
12/26 16-109 3.4-14.6 30.1-35.0 0.4- 8.1 C-HC N 
38/66 (43- 66) 
11/26 5- 37 0.4-16.7 21.1-34. o 0.3-13.5 I G-HC F 
1/66 
2/26 27- 56 3.4-12.1 31.6-34.4 ? SC N 
14/66 
4/26 10- 33 0.6-16.7 21. i-33. a 3.1-13.5 HSC F 
6/26 34- 70 3.4-12.8 32.1-34.2 3.1- 8.s C-SC N 
2/26 31-  74 ? ? ? C-SC N 
9/66 
3/26 32-  78 3.4-12.5 31.7-34.8 ? SC-C N 
4/66 
10/26 10- 66 0.6-13.0 21.1-34. s 2.9- 9. i HC-C I 
(13- 34) 
9/26 13-106 0.6-13.4 23.9-34. s 3.1- 8.1 C-HC I 
23/66 (29- 34) 
2/26 7- 56 3.3-18.2 23. 8-34. o 3.1- 8. i C N 
2/66 
6/26 12- 52 3.4-18.2 23.9-34.7 5.1- 7.s SC-S N 
35/66 (33- 43) 
8/26 16- 68 3.4-12.8 23.9-34.7 5.0- 7.8 SC-C N 
12/66 (33- 56) 
9/66 32- 80 ? 31.4-34.8 ? C N 
4/26 45- 70 ? ? ? SC N 
Glycinde nordmanni (Malmgr.) 
Sphaerodornm gracile (Rathke) 
Nephlys ciliala (ORM.) . . 
N. hombergi Audoin et M. 
Edwards .............. 
N. incisa Malmgren ....... 
N. paradoxa Malm .......  
Nereis diversicolor O.F.M. . . 
Ceralocephala loveni Malmgr. 
Lumbrinerels firagilis (O.F.M.) 
L. hibernica McIntosh ..... 
Scoloplos arnriger (OF. M.) . 
Aricia norvegica Sars .......  
Paraonis lyra Southern ..... 
Spiophanes kröyeri Grube . . 
Scolelepis fuliginosa (Clap.) . 
Laonice bahuriensis 
Söderström ............ 
Polydora ciliata (Johnston) 
Prionospio malmgreni Clap. . 
Prionofpio sieenslrupi 
Malmgren ............. 
P. cirrifera Wirén ......... 
Disoma multiselosum Örsted . 
Chaeiotione se/osa Malmgr. . 
Phernra plis nosa (O.F. M.) . 
Diplocirrus glaucus (Malmgr.) 
Brady villosa Rathke ....... 
Ammo6 ypane aulegasier 
Rathke ................ 
A. modesta (St.-Bow.) ..... 
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TABLE 17 (cont.) 
Polypbysia crassa (Örsted) 
frcq. depth 
m 
range t range/ 
°C 
S range/ 
°/°° 
0_ range/ 
m5/I 
Bottom 
type 
I R 
11/26 8- 97 	3.4-14.5 26.0-34.8 j 	1. g- 8.i C-HC N 
28/66 (34- 47) 
Scalibregma inflatnm Rathke . 12/26 11- 77 3.6-16.5 26.7-34.8 1.9- 8.1 SC-HC N 
(6Q- 77 ) 
Capitella capitata (Fabr.) 	.. 14/26 5- 66 0. G -16. 8.t-34. s 0.3-13.5 G-HC F 
1/66 (13- 33) (21.0-33.6) (3. o- 9.1) 
Votomastiu laiericeus M. Sars j 	1/26 16-118 1. o -14. s 26. 7-34. s 	1 ? j SC-C N 
32/661  
Heferomastus filiforrrris (Clap.) 13/26 13-117 0.6 -15.9 23.9-34.8 0.0- 9.1 HC I 
0/66? (25- 66) 
Arenicola marina (L.) ..... . 	3/49 0.2- 10 0. o -19.5 14.7-32.2 4.2 -13.5 silt-S N 
2/66 l 
Praxillella afini.c (Sars) 	... 1/26 31- 51 ? ? ? SC N 
5/66 i 
Rbodine gracilior (Tauber) 	. 3/26 7- 66 0.6 -18.2 23.9-34.5 1.9- 7. s SC-C N 
17/66 (17- 25) 
R. loveni Malmgren 	....... 10/26 22- 75 3. s -14.5 27.7-34. s 1.9- 8. t C-CH N 
23/66 (44- 56) i 
Maldane ,rami Malmgren .. 8/26 25-100 3. a -13.0 31.0-35. o 0.3- 7. s C-HC N 
17/66 (56- 66) 
1weniafusiformis dells Chiaje 2/26 28- 40 3.0 -12.8 31.5-34.0 3.1- 8.1 C-S N 
6/66 
iWyriocl)ele oculata Zachs ... 2/26 34-100 3.4-12.8 30.i-35.O ? SC-HC N 
6/66 ~ 
Peet/noria helg/ca (Pallas) ... ~ 	2/26 23- 50 3.4 -11.4 30.s-34.7 1 ? SC-C N 
4/66 
P. koreni Malmgren 	..... . 	7/26 8- 66 0.6 -18.2 23.9-34.5 1.9 -12.9 SC-HGi I 
7/66 (13- 16) 
P. auricoma (O.F.M.) 	.... 8/26 16- 66 3.6 -14.5 23.9-34.5 5.0- 8.1 SC-HC N 
19/66 (33- 47 ) 
Ampl)arele grubei Malmgren 4/26 13- 51 0.6 -16.0 23.9-34.1 ! 3.i- 8.1 C-HC I 
1/66 (13- 33) 
A. lind.rtrö;ni Malmgren 	... 1/26 35-110 ? 31.7-35.0 ' ? SC-HC N 
7/66 
Mugga tvahrbergi Eliason . . 2(26 45; 47 ? ? ? SC N 
Anobolhrns grad/is 
(Malmgren) ............ 8/26 16-117 3.3 -14. s 26.7 -34. s 2.7- 8, t C N 
22/66 
Sosane suldata Malmgr. 	.... 1/26 26- 80 ? ? ? SC-S N 
4/66 
Arnpbicieis gunneri (Sars) ... 1/26 28-100 3.4-13.4 28.6-34.8 ? SC-C N 
17/66 (70- 86) 
Melinna critla/a (Sars) .... 10/26 16-118 3. a -12.6 23.9-35.0 2.4- 8.1 HC-SC N 
22/66 (56- 75) 
Neoamphilrite affinis 
(Malmgren) ............ 1/26 47-118 4.5 -11.1 ? C-SC N 
12/66 
Polyeirrus plunrosus 
(Wollebaek) 	........... 2/26 31- 45 ? 31.6-34.7 ? SC N 
I 	2/66 
Lysi//a loveni Malmgren ... I 	1/26 12- 66 3.3 -18.2 23.9-34.5 3.1- 9.1 SC-HC N 
13/66 
Terebel/ides siroemi Sars 	... 7/26 5.4-117 3.3 -14.5 23.9-35.0 3.1- 8.1 SC-HC N 
43/66 
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TABLE 17 (cont.) 
Euchone papiltosa (Sars) .... 
frcq. 
3/26 
depth 
r^ 
range 1 range/ 
`C 
S rarfgc/ 
°/on 
0_ range/ 
mg/] 
Bottom 
rypc 
I R 
21-118 3.4-14.5 27.7-34.7 5.1- 	9.1 SC-HC N 
6/66 
Chone sp. cf. infrv.ndiGoliformis  
Kröyer 	.........  / ~ ? SC N 
OLIGOCHAETA 
Peloscolex benedeni (Udekem.) 8/26 0.3- 37 0.0 -20.5 1.0-34.0 2- 9-13.5 silt-G I 
Tublfex .onatur (Clap.) .... 
I 
6/26 0.2- 13 0.0 -20.5 1.0-33.0 3. t-12. s silt 
~ 
I 
PRIAPULIDA 
~ 
Priapulus caudatus (Lamarck) 2/26 33; 45 3.4-12.s 32.1-34.1 ? SC N 
SIPUNCULOIDEA 
Pharcolosoma vulgare 
Blainville 	.............. 2/26 13; 37 0.6-14.0 239-33.5  ? SC N 
1/66 
P. margarifaceum Sars ...... 2/26 33; 37 3.4-12.8 ? ? SC N 
Phascolion sironrbi Montagu . 2/26 33; 66 3.4-11.8 33.1-34.4 0.3- 7. s SC-HC N 
CRUSTACEA 
Balanor balanoides (L.) 	..... 3/26 0- 33 0.0-20.0 I 	9.0-32.0 2.9-13.5 , rock- 
SC N 
Leticon acutirosiris G. 0. Sars 1/26 12-120 ? 29.2-34.7 ~ 	? SC-HC N 
11/66 
Diastylir rathkei Kröyer .... 5/26 5- 37 0.6-14.4 23.8-34.4 ? SC-HC I 
D. boecki Zimmer 	........ 6/26 34-117 3.4-l2.8 32.1-34.7 1.9- 7.5 SC-HC N 
Ampelisca brevicornis (Costa) 1/26 10- 77 ?-18.2 21.1-34. s  ? SC-C N 
13/66 
A. temricornis Lillj. 	........ 17/66 16- 56 ?-13. s 23. s-34.1 ? SC-HC N 
Harpinia antennaria Meinert 3/26 28- 77 ? 31.6-34.4 3.1- 6.7 SC-S N 
lVestmoodilla caecula (Bate) 	.. 3/26 12- 66 6. t-12.9 29.2-34.7 1.9- 5.6 SC-HC N 
9/66 
Microdeutoptis gryllotalpa 
Costa 	................. 2/26 0- 16 0.6-20.3 1.8-26.7 ? silt F? 
2/66 
Eriopisa elongala (Bruzelius) 7/26 23-108 4.5-12. s 32.1-35.0 2.2- 6.9 C-HC N 
17/66 
Corophium vo/utator (Pallas) . 2/26 0.3- 22 0.6-20.7 0.9-33.2 ? C-silt I 
C. insidiosum Crawford 	.... I 3/26 0.0- 15 0.6-19.4 3.8-26.1 ? silt F 
Carcinides maenas (L.) ...... 2/26 0.2- 15 2.8-16.7 22.9-32.9 ? HC-SC I 
1/66 
Calocaris macandreae Bell 	. . 3/26 33- 70 3.4-12.8 31.2-34.8 1.9- 7.8 C-HC N 
TABLE 17 (cont.) 
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Iraq. 	depth range I 1 range/ 	S range! 	0_ unge/ 	Bortom 	R 
m 	 °C 	 "/a° 	 mH/i 	 type 
MOLLUSCA 
Boreochiton rober L......... 4/26 10- 41 0.6-16.7 21.1-34.1 ? 
Chaeioderma nitiduit,m Lovén 6/26 33- 66 3. a-12.6 23.5-34.5 0. a- 7.8 
Acmaea testndinalis Mull.... 1/26 4; 21 ? ?-29. a 1.6- 4.3 
1/66 
Hydrobia ulvae (Pennant) ... 9/26 0. s- 45 1. o-20.1  1. o-24.1 2.9-12.8 
Turn/ella communis Lam.... 27/66 5- 66 ?-14.6 23.s-34.8 ? 
Chenopus pes pelecani (L.) 	.. 1 /26 10- 41 3.5-15. s 23.9-34. i ? 
8/66 
JVafsa reticulata L. ........ 4/26 0.7- 22 0. G-16.7 23.8-33.5 4.2-113.5 
3/66 
Cylichna cylindracea Penn.... 2/26 17- 66 ?-14.  6 23.9-34.1 0. a- 7.8 
8/66 
Acera bodata Mull......... I 	3/66 5- 10 ?-15.  s 22. s- ? ? 
Ph/line aperla L. .......... 5/26 10- 66 0.6-16.7 21.1-34. o 0.4-13.5 
14/66 
Nucula niiida Sowerby .... 6/26 5- 56 3.4-18.2 i 23.0-34.1 3.1- 8.1 
17/66 
N. sulcaia Bronn.......... 3/26 22-106 3.4-12.9 32.5-34.8 5.1- 8.1 
21/66 
1V. nucleus (L.) 	........... 7/66 16- 95 ? 
N. tennis (Montagu) 	...... 11/26 33-118 3.4-14.6 32.5-35.0 0.4- 7.8 
23/66 p 	
nr( 
 
Leda 	errla 	Mull.) 
	. . .. . . 
1/26 60-110 5.4-10.3 34.0-35.0 ? 
11/66 
Portlandia Inrida (Lovén) .. 1/26 72-110 4.5- 7.4 34.0-35.0 3.1- 6.9 
9/66 
PectenseptemradiatnsMu11. 	. 1/26 24- 97 	11 ? ?-34.s ? 
4/66 
My/ilirs edulis L........... 4/26 0.2- 43 
l 
0.0-16.7  8.0-33.6 2.9-12.8 
Tlyasira flexuosa (Montagu) 
and T. sarsi Philippi 	.... 15/26 13-118 0.6-14.6 23.9-35.0 0.4-10.7 
40/66 
Cyprina islandica L. ........ 2/26 17- 51 3.3-12.9 23.9-34.1 5.1- ? 
6/66 
Mysella (Montacuta) biden- 
tata 	Mont.............. 7/26 17- 44 3.3-12.8 23.9-34.1 2.9- 8.1 
4/66 
Mon/acula fenella Lovén ... 2/26 21; 33 ? ? ? 
Syndornya nitida Mull...... 16/26 7-118 0.6-13.0 23.9-35.o 2.9-12.8 
46/66 
.4bra alba (Wood) 	........ 6/26 1.3- 37 1.0-14.4 8.0-34.0 3.1- 8.1 
6/66 
Phaxas pellncidus Penn. 	... 3/26 7- 56 0.6-15.0 21.1-32.9 4.8- 9.1 
12/66 
Mya fnmca/a L. 	.......... 4/26 1.3- 66 0.o-16.O 8.0-34.1 
-Aloidis (Corbula) gibba Olivi 13/26 4- 66 0.6-18,2 21.1-34.7 0.4-12.8 
32/66 
SC-HC I 
Sc 	N 
HC ? 
SC-HC I 
SC-S N 
SC 'N 
SC-HC I 
SC-C N 
HC-SC N 
SC-HC I 
SC-HC N 
SC-C N 
SC-C N 
SC-HC N 
C 	N 
SC-C N 
SC 	N 
rocks I? 
SC-HC F? 
SC-HCI N 
SC-HC N 
G-SC I? 
SC-HCI I 
silt- 	I 
HC 
HSC I 
silt- 	N 
HC 
C-HC I 
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frcq. 	j depth range 	1 r ngc/ 
m 	°C 
TABLE 17 (cont.) 
PHO BO NIDEA 
Pboronis nriilleri Selys- 
Longchamps ........... 	4126 13- 75 
ECHINODERMATA 
Amp/2i1/ra chiajei Forbes .. 14/26 	16- 75 
A. iliformir (O.F.M.) 	.... 
40/66 ' 
111/26 	10- 66 
35/66 ~ 
Ophimra texturata Lam..... 1/26 	12- 45 
7/66 1 
O. albida Forbes 	
......... 
3 26 	5-110 
23/66 
Ec(Pennantrnr 
c....... 
t) / 	8- . 	
12/26 
38 
Brissopsis lyrifera (Forbes) . 6/26 16-118 
25/66 
Cucusnaria elongala 
Dbben et Koren ........ 1/26 33; 66 
1/66 
S range/ 
"/un 
0_ r~ngc/ 
mg/1 
Bottom 
type 
R 
23.9-34.8 3. s- 9. i SC- N 
HSC 
24.3-34.8 3.1-10.8 SC-HC N 
21.1-34.8 0.3-10.8 Sc- N 
HSC 
26.8-34.0 ? SC-HC N 
22.8-35. o ? SC-HC N 
23.9-34.1 ? Sc- N 
HSC 
23.9-35.0 1.9- 8.1 C-HC N 
32.0-34.2 ? I Sc N 
0.6-12.8 
3.4-14.5 
3.4-14.5 
3.4-18.2 
3.4-14.5 
3.4-18.2 
3.4-14. s 
3.4-12. s 
TABLE 17 b. The occurence of some less common species in the innermost parts of Gullmar 
Fjord in 1962-65 
Boreohydra simplex Westblad 
Carinina coei Hylbom ............... 
Tubulanus superbus (Kölliker) ........ 
Hubrechtella dubia Bergendal ......... 
Terebralulus fuscur McIntosh ........ 
Ankistrosyllis k/a/li (Friedr.) ......... 
Pilargis verrucora St. Joseph ......... 
Syllider longicirrata Örsted ........... 
Nereis pelagica L . ................. . 
Ophryotrocha puerilis Clap. & 
Metschnikov .................... 
Cavlleriella killarienais (South.) ....... 
Eclysippe vanelli (Fauvel) ............ 
Lanice conhilega (Pallas) ............. 
The/spur ciocinmtus (0. Fabr.) ........ 
Trichobranchus glada/is Malmgr. ..... . 
Asian/la longicorni.r (Sowerby) ........ 
Gnathia oxyurea (Lilljeborg) ......... 
Bathynredon longimanus (Boeck) ....... 
Pontophilus norvegicus (M. Sars) ....... 
Te/lina tennis Daeosta .............. 
Thracia convexa (Wood) ............. 
(45 and 47 m near St. 18 - observed by P. Tulkki) 
(10 m, St. 3) 
(35-40 m in Ockelmann samples) 
(10 and 77 m, St. 3 and 21) 
(20-37 m in the middle parts of Saltkällefjotd) 
(Saltkällefjord 56 m in November 1964) 
( 	>) 	34-75 m) 
( » 47 m in September 1962 - P. Tulkki) 
( 	» 	66 m, St. 20) 
( 	» 	37 m, in bottom core samples) 
( 	» 45-50 m) 
( 	» 	47 m in 1963 - P. Tulkki) 
( 	)> 37 m in autumn 1965) 
( 	» 	37 m in autumn 1964) 
( 	» 37 m in autumn 1964) 
( 	» 	45 m in 1962 - P. Tulkki) 
( 	» 47 m a male in April 1962 - P. Tulkki) 
( 	» 	45 m) 
(St. 22, 117 m) 
(Salttiällefjotd 34-37 m) 
( 	» 	34 m) 
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mal, while the species which avoid these areas are usually stenohaline, stenothermal 
and steno-oxybiontic euhaline species which have their optimum occurrence on 
deeper bottoms in Gullmar Fjord (cf. also Fig. 23). 
The following tabulation presents the commonest combinations of abiotic para-
meter ranges in localities inhabited by species occurring at the mouth of the Öre-
kilsly and in Saltkälle Bay and by species which are absent from these areas. 
Depth range/m ..................... 
Temperature range/°C ............... 
Salinity rangel°loo .................. 
Oxygen range/mg/l ................. 
Type of substratum ................. 
Environmental parameter 
ranges for species found 
sr river mouth and in 
Salrkällc Bay 
C. 5-66 or 10-118 
C. 0-20 or 0.6-18.2 
C. 1-30 or 20-33 
0.3-13. 
gyttja or sulphide clay 
with high organic content 
or various 
Ranges for species 
avoiding these areas 
C. 30-60 or 60-117 
3.3-12.8 or 4.5-7.0 
30-35 
usually 5-8 
usually sandy clay 
or soft sulphide clay 
The reasons that two values are given for each group are: A) that the fauna at 
the mouth of the river and in Saltkälla Bay consists of both shallow water species 
and eurybathic (indifferent) species, and B) that the fauna which avoids these areas 
consists of species favouring sandy clay bottoms in the zones with upwelling water 
or of species which occur only on the deep bottoms of Gullmar Fjord. 
Some of the critical areas for the distribution of the euhaline, stenothermal, 
steno-oxybiontic faunal component in Saltkälle£jord are presented in Fig. 22. Many 
of the species belonging to this faunal component are suspension-feeders which 
favour areas with bottom currents. Excessively soft substrata and a high consumption 
of oxygen by the sediment resulting in poor and fluctuating oxygen conditions 
near the bottom are also factors which limit the occurrence of this faunal component 
in the polluted areas of the fjord. 
6.9 THE DISTRIBUTION AND ECOLOGY OF SOME SPECIES FUNC-
TIONING AS INDICATORS OF THE QUALITY OF THE WATER AND 
BOTTOM 
This chapter deals in more detail with the distribution, maximum density and bio-
mass of some species composing the type species group in each community (or area), 
and with the ranges of some abiotic parameters of their habitats (cf. also Table 17). 
The seasonal fluctuations in the densities of the species at different stations in Salt-
k llefjord are presented in Fig. 16. In the tabulations given below the species the 
fauna of the innermost parts of Gullmar Fjord is compared with that of some other 
areas on the west coast of Sweden. The main reference areas are: Gullmar Fjord 
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and adjacent waters (Molander, 1928), the shallow inlets of Bohuslän (Molander, 
1962), the estuary of the Göta älv (Swedmark, 1966, Bagge, Eliason, Swedmark 
and Tulkki, unpubl.), and the Sound (Öresund) (Eliason, 1920, 1962, Henriksson, 
1967). A short description of some of the areas is seen in chapter S. 
The zone without macrofauna 
(Figs. 19 and 28) 
Prorodon cf. dubius Kahl (St. 2, 4 m) According to Kahl (1930), the species is 
mesosaprobic and is found, for example, in »Helgoländer Kulturen». 
Prorodon morgani Kahl (St. 6 and 12, 21-33 m). Kahl (1930) mentions the species 
as being common in the saprobic community near Oldersloe. He considers it eury-
haline. 
Sonderia sinuata Kahl (St. 6, 21 m). 
Metopus contortus Quenn. (St. 6 a and 6 b, 21 and 24 m). The species was one 
of the most abundant ciliates in the polluted parts of Salticällefjord. According to 
Kahl (1932), it is common in all marine saprobic habitats from Marseilles to the 
Baltic. 
Plagiophyla ovata Kahl (St. 6, 21 m). Kahl mentions it as being common in a 
saprobic system near Oldersloe. Like the former species, it seems to be rather eury-
haline. 
Capitella-fuliginosa and Chironomus-elinguis communities. 
(Explanations: M = Molander, 1928, E = Eliason, 1920, H = Henriksson, 1967). 
Ophiodromus flexuosus delle Chiaje 
A boreal-Atlantic-Mediterranean species (Wesenberg-Lund, 1951). 
Arch frcq, depth unge/ / range/ S mage/ ir,d/m' 	g/m= 
fl,  c °/,. maximum 	maximum 
Gullmar Fjord 	..... 12/26 10 -75 0.7-16.7 21.i-34.S 50 	4.6 
12/66 M 
Gothenburg 	........ 6/22 14 -22 4.0-17.6 c. 24-29 10 	? 
Shallow inlets of Bo- 
huslän 	........... 3/58 11 -32 ?-16.2 26-32.2 7 	? 
The 	Sound 	........ 3/87 E 19 -40 c. 4-12 c. 25-34 ? 
The fluctuations in the density of the species at St. 12 (33 m) in Salticällefjord 
were as follows: 
May 17 1963 .......... 	20/m'- 	May 19 1965 .......... 	5/m"- 
May 5 1964 .......... 	13 	Aug. 16 P1965 .......... 	0 
Oct. 7 1964 .......... 	0 Oct. 15 1965 .......... 	10 
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The species seems to be rather tolerant of organic pollution of the bottoms. 
Some specimens have been observed by the author in various polluted fjords, inclu-
ding the Kviturdvikspollen near Bergen (Norway) in August 1964. 
Nereis diversicolor O.F. Muller 
An almost cosmopolitan species (Wesenberg-Lund, 1951). 
\rea frcq. depth range/ 1 range/ S range/ ind/m' g/m= 
m c °/oo mnsimum maximum 
Gullmar Fjord 	..... 7/26 0.3 -22.0 0.2-19.4 1.8-33.6 325 3.4 
Gothenburg 	........ 4/22 5.5-22.0 1.O-17.o 8.3 -26.5 310 2.8 
Shallow inlets of Bo- 
huslän 	........... 6/58 5.0— 9.0 ? ? -21.7 10 ? ? 
The 	Sound 	........ 11 /87 E 0.3 -37.0 1.0-16.0 c. 	7 -34 300 H 26. o H 
The depth range of the species in the substratum was determined by Linke (1939) 
to be from 0 to 45 cm in the Wadden Sea and by Bilio (1966) from 0 to 10 cm in 
saline meadows. The species is very eurybiontic and is proposed as an indicator 
species for organic coastal pollution (Henriksson, 1967). It is a deposit-feeder and 
is described by Belyaev (1952) as scraping deposits of detritus and micro-organisms. 
He mentions further that both juveniles and adults can survive a decrease in sali-
nity down to 1 °b oo, and less, but that the fertilization and development of the eggs 
require a salinity of not less than 5 O/ oo. Bogucki (1954) states that juveniles (20-70 
sgms) are more tolerant of fresh water than larvae and adults. According to Smith 
(1955), the distribution of the species shows a clear positive correlation to presence 
of brackish water at Kamens Bay, which is possibly due to the decrease in compe-
tition in such areas. In Saltkällefjord the species occurred mainly in poikilohaline 
conditions in an oxygen range from 3.2 to 13.5 mg/1, but Wohlenberg (1937) men-
tions it as occurring in anaerobic deposits in the Wadden Sea sediments, where 
the HZS concentrations were more than 8 mg/l. Henriksson (1967) has tested 192 
specimens of N. diversicolor in anaerobic conditions and he observed about 50 % 
mortality within 19 days. In many polluted localities only large specimens have 
been collected (cf. Linke, 1939, Tulkki, 1964, and Laakso, 1965), but in the meso-
haline zone of the Göta älv a juvenile specimen was obtained. It was the only living 
individual of a macrofaunal species found in the area (Bagge et al., unpublished). 
Scolelepis fuliginosa (Clap.) 
Occurs from the Farces to the Mediterranean (Wesenberg-Lund, 1951) 
.\re, 	 frcq. 	depth range/ 	/ range/ 	 S rang,/ 	id/r= 	g/m= 
m 	 °C 	 °/ao 	maximum maximum 
Gullurar Fjord ......... 	11/26 	5-37 	0.4-16.7 	24.i-34.o 	7 550 	62.3 
1/66 M 
Gothenburg ............ 	3/22 	6-12 	1.0-17.0 	8.3-26.5 	60 	1.0 
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The depth range of the species in the substratum was from 0 to 4 cm and the 
oxygen range from 0.3 to 13.5 mg/1. According to Hannerz (1956), it occurs at 
depths of 5-15 m in Gullmar Fjord, mainly on bottoms containing decaying Zostera 
and algae. Its developments is wholly pelagic. Owing to its high densities at polluted 
stations in Saltkällefjord, it can be considered an indicator species for marine pollu-
tion. It has also been found in the »zone polluee» in the harbour of Marseilles, 
where it occurred together with Capitella capitata (Bellan-Santini, 1966). 
The seasonal fluctuations in the population of the species at different stations 
at the head of Saitkällefjord are seen in Fig. 16. 
Polydora ciliata (Johnston) 
An almost cosmopolitan species (between 80°N and 60°S) (Dorsett, 1961). 
Area 	 frcq. 	depth range/ 	/ rang./ 	S range/ 	ind/m- 	g/m'= 
m 	 °C 	 °/. 	mss inrum 	maximum 
Gullmar Fjord ..... 4/26 	10-33 	C.o.-16.7 	21.i-33.6 	60 	0. t 
Gothenburg ........ 6/22 	5-12.5 	1-17 	8.3-26.5 	14 280 	34.0 
The Sound ........ 	+ 	10-20 E 	? ? 	? 
The depth range of the species in the substratum was from 0 to 4 cm in the harbour 
of Gothenburg (Bagge et al., unpubl.). 
According to Schutz (1964), the species has been observed in salinities as low 
as 0.5 to 3 °/o0 at the mouths of the rivers Schwentine and Wehr. It does not repro-
duce succesfully, however, when the salinity is less than 8 
The species lives on organic mud, the shells of molluscs or on limestone. The 
maximum densities recorded on different substrata are as follows: 
Locality 	 ind/m= 	 Author 
tntXimum 	mean 
Helgoland, limestone ...................... 	150 000 Hempel, 1957 
Jadebusenwatt, »Torf» .................... 	200 000 	 Linke, 1939 
London clay, clay ........................ 6 157 	Dorsett, 1961 
Gothenburg, faecal mud .................. 	14 280 	 Bagge et al., unpubl. 
Firth of Forth, polluted shore ............. 550 000 Smyth, 1968 
In Oslo Fjord and in the estuary of the Göta älv (cf. Beyer, 1968, Bagge et al., 
unpubl.) the species occurs together with Capitella cap/tala on polluted bottoms. 
According to Smyth (1968), the exclusive mat formation of Polydora  ciliata may be 
typical of some types of pollution. The biomass of the species in such formations 
may be 0.6 leg/m" in the Firth of Forth. 
The small densities of the species recorded in Saltkällefjord compared with 
some other polluted areas in the Skagerak-Baltic region (,J. Tulkki, 1968), may 
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be due to the low oxygen content of the fjord. It was observed here in an oxygen 
range from 3.1 to 13.5 mg/l. 
Capitella capitata (O. Fabricius) 
An almost cosmopolitan species (Reish, 1955) 
Area frcq. depth range/ I range/ S range/ ind/r' gyms 
m °C °/oa maximum maximum 
Gullmar Fjord 	..... 14/26 5-66 0.6-16.7 8.0-34.5 6 930 27.2 
1/66 M 
Gothenburg 	........ 6/22 8-26 1.0-17.0 8.3-26.5 56 000 70.0 
Shallow inlets of Bo- 
huslän 	........... 4158 8-12 ? 21.9-24.0 7 
The 	Sound 	........ 9/87 E 5-40 c. 1-16 c. 9-34 297 H ? 
The Capitella specimens collected at the head of Saltkällefjord seem to belong 
to the subspecies Capitella capitata europaea (cf. Bao-Ling, 1964), having usually 6 
pairs of pointed setae (S) and a similar number of hair setae (H) + 1 S/H + 2 genital 
spines in male specimens and 6 S + 3 S/ 3 H in females. Bao-Ling mentions this 
subspecies as occurring in the polyhaline waters of the European coasts and in the 
Mediterranean. 
The species occurs in many polluted localities in huge numbers. Bao-Ling (op. cit.) 
mentions densities of up to 127 000 ind/m2 in the Yellow Sea and the East China Sea. 
Caspers (1964) has observed densities of up to 451 000/m' in the Canal of Venice. 
The biomass of the species in polluted localities may be several hundreds of grams 
per sq. m. 
Capitella capitata has been stated by several authorities to be an indicator species 
for organic marine pollution (cf. Reish, 1955, and Henriksson, 1967). It was 
shown by Reish (1960), however, that the species is not very tolerant of pro-
longed anaerobic conditions, which may explain the great fluctuations in its den-
sities at the head of Saltkällefjord (Fig. 16). The most critical period in the life span 
of the species seems to be the development of the eggs. In Saltkällefjord it was 
found in an oxygen range from 0.3 to 13.5 mg/l; the greatest densities were, however, 
noted in the area where the oxygen content was more than 3 mg/l. Wohlenberg 
(1937) mentions it as occurring in anaerobic bottoms in the German Wadden Sea, 
in a habitat where the H,S content was more than 8 mg/1. Jacubova and Malm 
(1931) mention that the Black Sea population of Capitella can tolerate H.,S con-
centrations of up to 20.4 mg/l. 
In the sawdust-rich sulphide clay bottoms in Saltkällefjord the species was obser-
ved to build its tubes partly of detritus and sawdust. In some tubes, threads of sewage 
fungi (loosened from the river bottom) were used. 
As mentioned above (cf. also Fig. 16) there were wide seasonal fluctuations in 
the abundances and biomass values of the species in Saltkällefjord. The fluctuations 
at three stations are seen in the following tabulation: 
10 6830-69 
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Dr c St. 3 (10 m) 
ind/m°  
May 	1963 	.......... not sampled 
Oct. 	1964 	.......... 3 	0.03 
May 	1965 	.......... 112 0.66 
Aug. 1965 	.......... 10 	0.03 
Oct. 	1965 	.......... 294 0.72 
Sr. 12 (33 rn) S. 20 (66 m) 
ind/m' g/m= ind/m= 	 g/m- 
63 -F not sampled 
43 0.13 13 	0.06 
3 370 22.80 27 0.26 
1 500 12.40 0 	0 
70 0.20 10 0.16 
The species is limivorous, feeding on decaying detritus and probably bacteria. 
Its maximum occurrence was found in the uppermost two cm of the substratum 
in both Saltkällefjord and the harbour of Gothenburg (Bagge et al., unpubl.). The 
vertical distribution of the specimens found in the bottom core samples from the 
two areas is as follows: 
Saltkällcfjord Gothenburg 
Depth, cm in Number of Number of 
substratum specimens / specimens 
0-1 	............ 11 68.8 162 70.5 
1-2 	............ 2 12.5 42 18.2 
2-3 	............ 1 6.2 18 7.5 
3-4 	............ 2 12.s 3 1.3 
4-5 	............ 0 0 4 1.7 
5-6 	............ 0 0 1 0.5 
Nais elinguis Muller 
A cosmopolitan species which is common in lakes, rivers and brackish water habitats 
(Brinkhurst, 1963). The maximum density of the species (4 225 indam") was found 
in the mesohaline zone of Saltkällefjord in a silty shallow water association, where 
it occurred together with Chironomus cf. halophilus and Tubifex costatus. The salinity 
and temperature ranges of the species in the fjord were 1-32 °/0° and 1-20.5°C. 
In the Baltic the species is mentioned as living in salinities of 2-15.5 °/0°, especially 
in polluted localities (cf. Ax, 1952, Kosler, 1962, v. Biilow, 1955 and Schutz, 1964). 
According to Hynes (1963), the species is a common inhabitant of the sewage fungi 
zone in rivers. 
Peloscolex benedeni (Udekem.) 
A marine, euryhaline species, which occurs in the Baltic in salinities down to 5.6 °boo 
(Kosler, 1962). 
freq. 	depth range I range/ 	S range/ 	ind/m= g/m- 
m °C 	 O j oo 	 maximuns maximum 
Gullmar Fjord 	..... 8/26 	0.3-37 0.0-20.5 	1.o-34.o 	410 0.5 
Gothenburg 	........ 2/22 	9.5-12 1.0-17.5 	c. 8-21 	2 850 ? 
Danish waters 	(Dahl, 
1960) 	............ + 	? ? 	12 	27 700 97.0 
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The oxygen range of the species in Saltkällefjord was from 2.9 to 13.5 mg/l; 
the optimum values being above 4.5 mg/1. In the harbour of Gothenburg the species 
occurred at depths of 0-3 cm in the substratum. According to Dahl (1960), it is 
the most tolerant marine oligochaete in polluted habitats in the Danish fjords. Linke 
(1939) mentions it as occurring in polluted sandy bottoms in Jadebusenwatt, together 
with Heteromastus filiformis. 
Tubifex costatus (Clap.) 
A marine, euryhaline species, which is widespread on the European coasts (Brinlc-
hurst, 1964) and in the Baltic up to the SW coast of Finland (Leppäkoski, 1967). 
(req. 	deprb range/ / range/ 	S moget 	indam' gym= 
m C 	 °/oa 	 maximum maximum 
Gullmar Fjord 	..... 6/26 	0.2-13 0.0-20.5 	1.O-33.O 	2 700 1.1 
Gothenburg 	........ 4/22 	9.5-12 1.0-17.0 ? 	4 560 2.0 
Danish waters 	(Dahl, 
1960) 	............ + 	 ? ? 	 ? 	35 500 53.2 
In Salticällefjord the species was found in an oxygen range from 3.1 to 12.8 mg/1. 
The maximum density occurred in the upper littoral area among aquatic vegetation. 
Its depth range in the substratum was from 0 to 4 cm in the harbour of Gothenburg 
(Bagge et al., unpubl.). According to Dahl (1960), the species is not very tolerant 
of low oxygen values, and its absence from the heavily polluted habitats in Salt-
lcällefjord supports this statement. Theisen (1966) has found the species in very 
low salinities and temperatures in the Nivå Bugt (Denmark). Together with Hydrobia 
ventrosa in a shallow locality it was found to survive a minimum temperature of 
—3.8°C and a minimum salinity of 0.2 0/oo (maximum was 69 o/oo). 
Corophium insidiosum Crawford 
Distribution: From the Baltic to the Mediterranean, \X/ coast of N. America. The 
species was found together with Microdeutopus gryllotalpa at the mouth of the Öre-
kilsäly, which is characterized by high SWL concentrations and fluctuating sali-
nities. It is a typical detritus-feeder (Enequist, 1949) and seems to reach maximum 
densities in estuarine conditions, where the water has a large amount of suspended 
particles (ej. Dahl, 1948). In Saltkällefjord the species was commoner in the littoral 
samples than C. volutator (cf. Table 11). Ovigerous females were found in Gullmar 
Fjord in September and October 1960 by Mr. P. Tulkki. 
Philine aperta L. 
A Lusitanian-cosmopolitan species (Jaeckel, 1952). 
rio 
frcq. depth range/ / range/ S range/ ind/m= 	g/m= 
m °C "/„p maximum 	macimum 
Gullmar Fjord 	..... 5/26 10 -66 0.6-16. 7 21.1-34.6 92 	0.6 
14/66 M 
Gothenburg 	........ 16/22 2 -29 3.6-16.s 218-31.9 280 	22.9 
Shallow inlets of Bo- 
huslän 	........... 27/58 5 -26 ?-16.2 21.9-32.0 36 
The 	Sound 	........ -r 8 -20 c. 2-16 c. 9-34 30 H 	? 
In Saltkällefjord the species was observed in an oxygen range from 0.4 to 13.5 mg/l. 
It seems to be very tolerant of polluted bottoms, and had maximum densities in 
the estuary of the Göta älv, where large amounts of organic matter are carried by 
the river. According to Jaecicel (1952), the species is a predator, feeding on small 
invertebrates. Its distribution area in Saltkällefjord in 1964-65 was even larger 
than in 1932 (Fig. 25). The population of P. aperla in Saltkälle Bay consisted of 
both small and large individuals as is seen in the following tabulation. 
The distribution into size classes of P. aperta specimens from St. 3 (10 m) 
Length of the shell m in. 	 Number of 
1.1 	1.2 	1.3 	1.6 	1.5 	1.S 	2.1 	2.3 	3.s 	spccfinens 
October 16 1964 .... 	2 	1 	1 	1 	0 	0 	0 	1 	0 	6 
May 3 1965 ........ 	0 	1 	1 	0 	1 	2 	2 	0 	1 	8 
Amphiura filiformis - A. chiajei community 
Diplocirrus glaucus (Malmgren) 
A mainly boreal species (Wesenberg-Lund, 1951). 
frcq. depth ange/ 1 range/ S range/ ind/m= 
m c °/at, maximum 
Gullmar Fjord 	..... 6/26 12- 52 3.4-18.2 23.9-34.7 20 
35/66 M 
Gothenburg 	........ 2/22 18 ? ? 3 
Skagerak (Eliason, 
1962) 	............ 5/36 ?-271 ? ? ? 
Shallow inlets of Bo- 
huslän 	........... 2/58 13- 14 ?-16.i 24.5-31.1 3 
The 	Sound 	........ 3/87 E 18- 35 c. 5-14 c. 24-34 ? 
The optimum habitats of the species seem to be in the zone of upwelling water 
in Saltkällefjord, where it lives on sandy clay bottoms with oxygen values of over 
5 mg/1. An ovigerous female and juvenile specimens were collected in the area by 
Mr. P. Tulkki in April 1962. 
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Polyphysia ctassa (Örsted) 
An arctic-boreal species (Eliason, 1920) 
(rcq. depth range/ / range/ S range/ ind/m- g/m - 
m °C ojoo maximum maximum 
Gullurar Fjord 	..... 11126 8— 97 3.4-14.5 26.0 -34.5 30 2.0 
28/66 M 
Gothenburg 	........ 3122 15—  29 3.9-15.G c. 24 -32 255 6.2 
Skagerak (Eliason, 
1962) 	............ 2/36 ?-180 6. o— ? —35 ? 
Shallow inlets of Bo- 
huslän 	........... 2/58 26; 42 ?-15.9 ? 33.9 7 
The 	Sound 	........ 12/87 E 16—  54 c. 5-14 c. 24 -34 40 H ? 
The optimum habitats of the species seem to be sandy clay bottoms at depths 
of 34-37 m in Saltkällefjord, at 29 m in Gothenburg and at depths of 16-22 m 
in the Sound (Henriksson, 1967). In the Baltic it was found by Demel and Mulicki 
(1954) in water with a salinity of only 7.6 °/oo. Juvenile specimens (3 mm) were 
found in Saltkällefjord (66 m) in May 1965. 
Scalibregma inflatum Rathke 
Distribution: From arctic and Scandinavian waters to France (Wesenberg-Lund, 1951 
freq. depth range/ 
m 
7 range/ 
`c 
S range/ 
"/ao 
id/m' 
maximum 
g/m= 
maximum 
Gullmar Fjord 	..... 12/26 11-77 3.6 -16.5 26.7 -34.8 210 8.7 
16/66 Nl 
Gothenburg 	........ 12/22 6.5-29 2.2-16.8 21.8 -32.0 1 610 47.8 
Skagerak (Eliason, 
1962) 	............ 1/36 191 7.1— ? ? -35. i ? ? 
Shallow inlets of Bo- 
huslän 	........... 23/58 8-32 ?-15.7 21.9 -32.2 1485 ? 
The 	Sound 	........ ± 10-35 c. 	3 -15 c. 	20 -30 50 H ? 
The optimum habitats of the species seem to be in the middle parts of shallow 
estuaries and inlets on the coast of Bohuslän. Kuhlmorgen-Hille (1963) mentions 
it as occurring in the Kiel Bay and in the estuary of the River SchIei, which is some-
what polluted. In many arctic localities the species has been found in temperatures 
below 0°C (cf. Zenkevich, 1963). Juvenile specimens were found in Saltkällefjord 
on September 24, 1962 and on May 10, 1965. 
Nucula nitida Sowerby (N. turgida Lackenby & Marshall) 
A boreal-Atlantic-Mediterranean species (Edwards, 1965). 
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frcq. 	depth range/ 	I range/ 	S range/ 	ind/rn 	g/m= 
m 	 °c 	 °/°° 	maximum maximum 
Gullmar Fjord ..... 	6/26 	5-56 	3.4-18.2 	23.9-34.1 	120 	30.s 
17/66 M 
Gothenburg ........ 	13/22 	6-29 	1.0-17.0 	21.1-32.0 	605 	54.9 
Shallow inlets of Bo- 
huslän ........... 	19/58 	7.5-42 	?-16. 1 	21.9-33.9 	422 	? 
The Sound ........ 	+ 9-22 	c. 2-16 	c. 10-34 	210 H 	? 
The species seems to favour shallow areas with sandy and clay bottoms. In Got-
henburg and in the shallow inlets of Bohuslän it is common on sulphide clay bottoms, 
too. Its depth range in the substratum was determined by Molander (1928 b) as 
0-5 cm and by Edwards (1965) as 0-3 cm (in aquarium). In autumn 1964, juveniles 
dominated in the populations of N. nitida at shallow stations, while more large 
specimens were obtained at deeper stations (cf. below). 
The distribution into size classes of N. nitida specimens taken ar some stations in Saltkällefjord 
in autumn 1964. 
Length of 	 Sr. 13 	St. 14 	St. 17 	St. 18 	Sr. 19 
shell/mm (33 m) (34 m) (37 m) (41 m) (56 m) 
3-.--4 ............. 	0 	1 	1 	0 	0 
4— 5 ............. 	3 1 0 0 0 
5— 6 ............. 	1 	1 	0 	0 	0 
6— 7 ............. 	1 3 	0 2 0 
7— 8 ............. 	4 	0 	• 	0 	2 	1 
8— 9 ............. 	1 2 	2 0 3 
9-10 ............. 	0 	1 	1 	0 	3 
10-11 ............. 	0 2 	2 1 0 
11-12 ............. 	0 	0 	0 	0 	2 
12-13 ............. 	0 0 	0 0 1 
13-14 ............. 	0 	0 	0 	2 	0 
14-15 ............. 	0 0 	0 2 0 
17-18 ............. 	0 	0 	1 	0 	0 
Number of specimens 
measured ........... 	10 	11 	7 	9 	10 
Amphiura chiajei Forbes 
Distribution: From S. Norway to W. Africa; the Mediterranean (Ursin, 1960) 
freq. depth range/ / range/ S range/ ind/m- g/m= 
m c °/, maximum maximum 
Gullmar Fjord 	..... 14/26 16-75 3.4-14.5 24.3-34.8 180 44.0 
40/66 M 
Gothenburg 	........ 2/22 18-29 ?-14.2 24.7-32.0 25 6.5 
Shallow inlets of Bo- 
huslän 	........... 6/58 19-42 ?-15.9 26.0-31.4 117 ? 
The Sound 
(Brattström, 1941) 	. + 14 -46 c. 4-14 c. 	20 -34 50 H ? 
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The depth range of the species in the substratum was determined by Molander 
(1928 b) as 0-8 cm and by Ekman (1947) as 0-6 cm. It seems to favour softer 
bottoms than A. fzliformis and was found by Ekman in substrata with consistency 
values of 6-40 (the optimum being under 14). According to Buchanan (1964), the 
species is a deposit-feeder, which has a low metabolic rate and long life span. It was 
especially abundant in the Sound during the late thirties, and probably benefited 
by the high winter temperatures during that period (Brattström, 1941). In Salt-
källefjord the species occurred in an oxygen range from 3.1 to 10.8 mg/l; the optimum 
being over 5 mg/1. Dead specimens were often found in samples taken from the 
polluted areas of the fjord. Only a few juvenile specimens were obtained from Salt-
källefjord in autumn 1964, which shows that the recruitment of the species is rather 
irregular (cf. Buchanan, 1964). The mean weight mg per specimen was 94 (St. 13, 
1964) 244 (St. 13, 1965), 260 (St. 16, 1964), 313 (St. 17, 1964) and 313 (St. 18, 1964). 
The seasonal variations in the population densities of the species in Saltkällefjord 
are seen in Fig. 16. 
The distribution into size classes of A. chiajei specimens taken at some stations in Saltkällefjord 
in autumn 1964 and 1965. 
Station Largest radius of discs /mnt 
1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 
13 (Nov. 5 1964) 0 1 4 5 8 10 13 11 2 0 0 
13 (Nov. 9 1965) 0 0 0 0 2 7 15 11 1 0 0 
16 (Nov. 5 1964) 0 0 0 0 0 0 3 1 0 0 1 
17 (Oct. 7 1964) 0 0 0 0 0 2 3 7 2 1 0 
18 (Oct. 7 1964) 0 0 1 1 1 0 4 10 9 3 0 
Amphiura filiformis (O.F. Muller) 
Distribution: From Iceland and S. Norway to the Mediterranean (Ursin, 1960). 
frcq. depth range/ I range/ S range/ id/m5 	g/m= 
m 'C °/0° maximum 	maximum 
Gullmar Fjord 	..... 11/26 10 -66 3.4 -14.5 21.i-34.s 1 105 	112.0 
35/66 M 
Gothenburg 	........ 6/22 14-29 3.9 -15.6 24.2-32.0 480 	35.6 
Shallow inlets of Bo- 
huslän 	........... 12/58 13 -42 ? -16.1 26.0-31.4 739 	? 
The Sound 	........ T 9 -46 c. 	3 -15 c. 18-24 588 H 
The depth range of the species in the substratum was determined by Molander 
(1928 b) to be from 0 to 8 cm; the optimum being from 0 to 4 cm. Ekman (1947) 
mentions it as occurring at depths of 0-6 cm in substrata with consistency values 
of 6-96 (optimum over 14). According to Buchanan (1964), the species is a detritus-
feeder and favours bottoms which are swept by currents. It has a higher metabolic 
rate than A. chiajei, and its life span is seldom longer than 4 years (Ursin, 1960). 
According to Wintzell (1918), the average oxygen uptake of the species is 0.058 ml 
per g of wet weight per hour at 6°C; the corresponding value for A. chiajei is only 
0.011. In Saltkällefjord the species occurred in an oxygen range from 0.3 to 10.8 mg/l; 
the optimum being over 3 mg/l. Its highest densities (over 1 000 indam=) were found 
in the same area in Saltkällefjord as those for A. chiajei (Fig. 16). Juveniles ofA. fili-
formis were often found also in the shallow areas of Saltkälle Bay, but they never 
matured in these unfavourable conditions. It is probable that the low winter tem-
peratures limit the distribution of the species in the shallow areas. According to 
Ziegelmeier (1957), it is sensitive to low temperatures and mass deaths were observed 
in the German Bight during the cold winter 1946/47. 
The distribution into size classes and mean weight (mg/specimen) of A. fi/iformis specimens from 
some stations in Saltkällefjord. 
Radius of disc,' 73 13 
mm Nov. 5 Nov. 11 
1964 1965 
0-1 	........................ 0 0 
1-2 	........................ 0 1 
2-3 	........................ 5 1 
3-4 	........................ 27 8 
4-5 	........................ 134 53 
5-6 	........................ 112 123 
6-7 	........................ 7 23 
7-8 	........................ 0 0 
mean weight mg/spec. 	........ 59 96 
Stations 
15 16 17 28 
Nov. 15 Nov. 5 Nov. 5 Oct. 7 
1965 1964 1964 1964 
0 0 0 0 
4 0 0 0 
11 0 1 0 
19 0 10 0 
31 20 28 1 
35 25 31 1 
18 59 15 1 
0 5 0 0 
86 141 100 66 
The recruitment of the species seems to be irregular in Saltkällefjord at depths 
below 40 m. In a survey of a sandy-bottom Venus community in the Sound at depths 
of 18 m (Kirsten Muus, 1966) mentions that the main settling of young Amphiuras 
(probably A. filiformis) takes place two weeks later here than on a mud bottom at 
a depth of 27 m. Most of the young individuals soon perish in the sandy-bottom 
locality, dying towards the end of October. 
Maldane - filiformis and Melinna - tenuis communities 
Maldane sarsi Malmgren 
A mainly arctic species (Wesenberg-Lund, 1951). 
frcq. 	depth range/ 	1 range/ 	S raogc/ 	id/m' 	g/m' 
m 	 °C 	 °/ 	 maximan maximum 
Gullmar Fjord ..... 	8/26 	25-100 	3.4-13.0 	31-35 	193 	3.9 
17/66 M 
Skagerak (Eliason, 
1962) 	 13/36 	?-531 	5.7— ? 
The Sound ........ 	13/87 E 	7— 54 	c. 2-16 	? 	890 H 	? 
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The species is one of the most typical polychaetes in the deepest channel of Salt-
källefjord, where it was observed in a oxygen range from 0.3 to 7.8 mg/l. The bathy-
graphic distribution of it in the fjord is seen in Fig. 23, and the seasonal fluctuations 
in the densities in Fig. 16. In the White Sea and in many other arctic seas of the 
U.S.S.R. it has been found in temperatures below 0°C (Zenkevich, 1963). 
Rhodine loveni Malmgren 
Distribution: W coast of Scandinavia and Iceland (Wesenberg-Lund, 1951). 
freq. 	depth range/ 	! range/ 	S range/ 	iad/m~ 	gym= 
m 	 °C 	 °/oo 	maximum maximum 
	
Gullmar Fjord ..... 	10/26 	22— 75 	3.8-14.5 	27.7-34.8 	100 	12.5 
Shallow inlets of Bo- 
huslän ........... 	3/58 	19— 42 	?-15.9 	26.0-33.9 	10 	? 
Skagerak (Eliason, 
1962) ............ 	10/36 	?-478 	? 	?-35. o 	? 	? 
The depth range of the species in the substratum is from 0 to 15 cm (Molander, 
1928 b). It seems to be absent from the areas contaminated by brackish water. In 
Saltkällefjord it occurs in deeper localities than R. ,ararilior (cf. Table 17). 
Heteromastus filiformis (Clap.) 
A boreal and Lusitanian species (Wesenberg-Lund, 1951) 
frcq. depth rangc/ 1 rangel S range/ ind/m= 	g/m' 
m c efao maximum 	maximum 
Gullmar Fjord 	..... 13/26 13-117 0.6-15.9 23.9-34.8 669 	5.7 
0/66 M 
Gothenburg 	........ 8/22 5— 14 3.5-16.8 21.8-30.0 1 200 	2.0 
Skagerak (Eliason, 
1962) 	............ 28/36 ?-681 5.7— ? ? ? 	? 
The 	Sound 	........ + E 5— 40 c. 2-16 c. 7-34 ? 
The species can be considered an indicator for deep, soft, sulphide clay bottoms, 
which are usually poor in oxygen. Its high numbers in the polluted areas of Salt-
källefjord, may be due to the lack of competition. The maximum occurrence of 
it seems, however, to be in the deep channel of Saltkällefjord, where it was found 
in localities where anaerobic conditions occasionally prevailed. It was stated to be 
tolerant of pollution in the Raritan River, where it occurred in salinities as low as 
1 0 b oo (Dean and Haskins, 1964). In the thermally polluted York River it occurred 
together with Nereis succinea (Warinner and Brehmer, 1965). The distribution of 
the species in Saltkällefjord has not changed since Lindroth's investigations (Fig. 25). 
The specimens collected in Saltkällefjord usually had only 4 thoracic segments 
with capillar bristles. Specimens having such bristles on 5 thoracic segments were 
found in Bredungen (off Saltkällefjord) at a depth of 70 m (Eliason, pers. comm.). 
11 6830-69 
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The specimens were usually found at depths of 0-2 cm in the substratum of 
Saltkällefjord and at depths of 0-4 cm in the estuary of the Göta älv (Bagge et al., 
unpubl.). In Wadden Sea sediments it was found by Linke (1939) at depths of 0-
30 cm. He also mentions it as occurring in some polluted littoral localities which 
were heavily contaminated by sulphur bacteria. Wohlenberg (1937) has observed 
that in some habitats populated by the species H,S inas present in concentrations 
of up to 8 mg/1. 
Melinna cristata (Sars) 
Widespread in the arctic, boreoarctic and Lusitanian waters (Wesenberg-Lund, 1951). 
fecq 	dcpth r gc/ 	- t range/ 	S rangcJ 	indJm= 	g/m'= 
m 	 °c 	 °/,, 	maximum maximum 
	
Gullmar Fjord ..... 	10/26 	16-118 	3.4-12.6 	23.9-35.0 	246.4 	8.1 
22/66 M 
Gothenburg ........ 	1/22 	18.5 	? 	 ? 	5.0 	? 
Skagerak (Eliason, 
1962) ............ 	20/36 	?-478 	? 	?-35. i 	? 
The Sound ........ 	+ 17 H ? ? 
The species was found by Ekman (1947) to live mainly at depths of 0-2 cm 
in substrata with consistency values of 7-10. Molander (1928 b) mentions one 
specimen observed at a depth of 5-8 cm in the substratum. The optimum habitats 
of the species in Gullmar Fjord are clay or soft clay bottoms at depths of more than 
70 m (Fig. 23). Juvenile specimens (4 mm) were collected from Saltk .11efjord (45 m) 
by Mr. P. Tulkki on September 24, 1962. The species was found in the fjord in 
an oxygen range from 2.4 to 8.1 mg/1. Its distribution in Saltkällefjord in 1964-65 
shows a clear regression, when compared with the data of Lindroth (1935) (Fig. 25). 
Nucula tenuis (Montagu) 
An arctic-circumpolar, N. Atlantic, N. Pacific and Mediterranean species (Edwards, 
1965). 
frcq 
Gullmar Fjord ..... 	11/26 
23/66 M 
Gothenburg ........ 	2/23 
Shallow inlets of Bo- 
huslän ........... 	5/58 
The Sound ........ 	+ 
depth tungt/ 	: range/ 	 S range/ 	ind/m 	g/m= 
m 	 °C 	 °Joo 	maximum maximum 
33-118 3.4-14.6 32.5-35.0 273 6.s 
27 	? 	32.0 	10 	1.4 
11- 42 	?-16.i 	30.4-33.9 	7 	? 
10- 32 H c.2-16 ? 	53 H 	? 
The oxygen range of the species in Gullmar Fjord was from 0.4 to 7.8 mg/1, 
and the depth range in the sediment from 2 to 8 cm (cf. Molander, 1928 b). According 
to Moore (1931), the species can survive more than 5 days in anaerobic conditions. 
It seems to have its optimum habitats in the deep areas of Gullurar Fjord (Fig. 23). 
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where the hydrographic fluctuations are small. Messjatzev (1931) mentions the 
species as occurring in temperatures from —1.8 to 7.0°C and salinities from 32.4 
to 35.2 0/ oo in Barent's Sea. The maximum occurrence there was in temperatures 
below 0°C at depths of 100-150 m. In the Bering Sea the shells of N. tenuis reached 
a length of 4 mm within 4 years, and a length of 10 mm within 5-6 years (Neyman, 
1964). 
The distribution into size classes of N. teveis specimens from two deep stations in Gullmar Fjord. 
Lcngth of shell/ 	 Sr. 21 (77 m) 	 Sr. 22 (117 m) 
mm 	 Nov. 1964 	b(ay 1965 	Aug. 1)65 	Nov. 1965 	Nov. 1964 	Nov. 1965 
1— 2..... 	1 	1 	3 	1 	0 	0 
2— 3 ..... 	28 9 13 	25 0 	0 
3— 4 ..... 	21 	11 	24 	34 	5 	0 
4— 5 ..... 	15 9 	13 	15 5 	0 
5— 6 ..... 	6 	4 7 4 	10 	4 
6— 7 ..... 	6 2 	2 	1 2 	5 
7— 8..... 	0 	1 0 1 	0 	6 
8— 9 ..... 	0 1 	0 	0 1 	1 
9-10 ..... 	0 	1 0 0 	0 	1 
The recruitment of the species seems to be irregular in the deepest parts of Gullmar 
Fjord, while all size classes are present at St. 21. 
The mean weights mg/specimen are greater at St. 22 (117 m) than at St. 21 (77 m): 
Month 
November 	\[ap 	iugusr 	November 
St. 21 .......... 	14 	27 	17 	13 
St. 22 .......... 	75 	63 	50 	32 
The material of 1964-65 shows a slight regression in the distribution of the 
species in Saltkällefjord when compared with Lindroth's data (Fig. 25). 
Indifferent 	species 	occurring in almost all the 
communities studied 
Pholoe minuta (0. Fabricius) 
A mainly arctic-boreal, also Lusitanian species (Wesenberg-Lund, 1951). 
freq. depth range/ 	1 range/ S range/ 	ind /m' 	gfm= 
=n 	 °C °/,, 	maximum maximum 
Gullmar Fjord 	..... 	18/26 10-118 	0.4- 18.2 	23.9-35.0 130 	0.4 
33/66 M 
Gothenburg 	........ 	8/22 5— 22 	3.8-16.0 22.4-29.1 55 	0.4 
Shallow inlets of Bo- 
huslän 	........... 	3/58 9— 12 	?-16.2 ? 63 	? 
Skagerak (Eliason, 
1962) 	............ 	17/36 ?-460 	5.7— ? 	?-35 ? 	? 
The Sound 	........ 	21/87 E 10— 40 	c. 1-16 c. 10-34 ? 
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The species seems to be rather tolerant of organic pollution of bottoms and 
nuas found in Saltkällefjord in an oxygen range from 0.3 to 12.5 mg/1; optimum over 
2.9 mg/I. The maximum densities were observed in autumn. According to Beyer 
(1968), the species occurs in equal numbers in polluted and nonpolluted bottoms 
in Oslo Fjord. 
Nereimyra (Castalia) punctata (O.F. Muller) 
A boreal-Atlantic species; rare in cold waters (Wesenberg-Lund, 1951) 
Creq. dcpeh rangö / range/ S range/ ind/r g/m= 
m °c °/0°  maximum maximum 
Gullmar Fjord 	..... 4126 13-117 0.4-15.6 23.9-34.s 17 0.2 
10/66 M 
Gothenburg 	........ 6/22 5- 19 1.0-16.3 21.8-31.9 640 3.0 
Skagerak (Eliason, 
1962) 	............ 7/36 ?-478 5.7- ? ?-35. o ? ? 
Shallow inlets of Bo- 
huslän 	........... 6/58 7- 12 ?-15. s 21.7-31.4 10 ? 
The 	Sound 	........ 11/87 E 11- 40 c. 2-16 c. 10-34 ? 
In Saltkällefjord the species occurred in an oxygen range from 2.4 to 13.0 mg/I. 
The depth range of it in the substratum was from 0 to 3 cm (Molander, 1928 b). It 
seems to be rather tolerant of low salinity and was found in the Kiel Bay in a salinity 
range from 8.8 to 15.2 0/o o (Ax, 1952). 
Glycera alba Rathke 
A mainly boreal and Lusitanian species (Wesenberg-Lund, 1951) 
frcq. deprh rangel J range/ S range/ ind/m- g/m= 
m c °/°° maximum maximum 
Gullmar Fjord 	..... 15/26 10 -83 0.4-16.7 21.1-34.5 50 5.3 
37/66 AI 
Gothenburg 	........ 5122 9 -29 3.6 -16.2 22.6-32.0 20 ? 
Shallow inlets of Bo- 
huslän 14/58 11 -42 6. i -16.5 24. s-33.9 17 
The 	Sound 	........ 24187 E 10 -54 c. 	2 -16 c. 10-34 6 H ? 
The depth range of the species in the substratum is from 0 to 13 cm (Molander, 
1928 b). It seems to be rather tolerant of low salinities and temperatures. In Salt-
källefjord it was found in an oxygen range from 0.3 to 13.5 mg/l (optimum being 
over 3 mg/1). Since the investigations of Lindroth (1935) the species has disappeared 
from areas at the mouth of the Örekilsäly (Fig. 25). 
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Nephtys incisa Malmgren 
A mainly boreal; Mediterranean species (Wesenberg-Lund, 1951). 
frcq. 	depth range/ 	I range/ 	 S range/ ind/ro' 
m 	 'C 	 °/. masimurn 
Gullurar Fjord 	..... 	7/26 	5-117 	3.4-18.2 	21.1-34.8 33 
35/66 M 
Gothenburg 	........ 	12/22 	7- 29 	3.6-17.6 	21.8-32.0 135 
Skagerak (Eliason, 
1962) 	............ 	13/36 	?-460 	? 	?-35.0 ? 
Shallow inlets of Bo- 
huslän 	........... 	20/58 	8- 42 	?-16.2 	21.9-33.9 83 
The depth range of the species in the substratum is from 0 to 5 cm (Molander, 
1928 b). It seems to require more saline conditions than N. ciliata and N. hombergi 
and is commoner in deeper water than these species. 
Chaetozone setosa Malmgren 
Widely distributed in the arctic and boreal regions (Wesenberg-Lund, 1951) 
ftcq. 	depth range/ 	l range/ S rnngn/ 	id/m' 
m 	 °C 0/. 	maximum 
Gullmar Fjord 	..... 	9/26 	13-106 	0.6-13.4 23.9-34.8 	60 
23/66 M 
Gothenburg 	........ 	5/22 	12- 29 	3.6-16.0 22.6-32.0 	70 
Skagerak (Eliason, 
~- 	? 1962) 	............ 	2/3 	5 
	
? ? 
Shallow inlets of Bo- 
huslän 	........... 	1/58 	19 	 ? ? 	? 
The Sound 	........ 	7/87 E 	15- 40 	c. 5-14 c. 24-34 ? 
The optimum habitats of the species in Gullmar Fjord were sandy clay bottoms 
in the areas with upwelling water. It was found in an oxygen range from 3.1 to 9.1 
mg/l. In the arctic seas it occurs in temperatures below 0°C (Zenkevich, 1963). 
Terebellides stroemi Sars 
Very widespread in arctic, boreal and Lusitanian areas (Wesenberg-Lund, 1951) 
frcq. depth range/ I range; S range/ ind/m- g/m- 
m "C °/,, maximum maximum 
Gullmar Fjord 	..... 7/26 5-117 3.3-14.5 23.9-35.o 17 3.5 
43/66 M 
Gothenburg 	........ 11 /22 5- 29 3.6-16.8 21.8-32.0 1 410 26.5 
Skagerak (Eliason, 
1962) 	............ 27/36 ?-681 ? ? ? ? 
Shallow inlets of Bo- 
huslän 	........... 20/58 9-42 ?-16.2 21.9-33.9 264 ? 
The Sound 	........ 41/87 E 5- 54 c. 1-16 c. 9-34 610 H 22.s 
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The species was found at depths of 3-8 cm in the substratum by Molander 
(1928 b). According to Demel and Mulicki (1954) it occurs in the Baltic in salinities 
over 7.2 °/00 (optimum 13-15 °/0°) and oxygen values over 1.9 ml/I (optimum 
4-6 ml/1). In the Black Sea it occurs down to a depth of 130 m, where the oxygen 
content fluctuates from 0 to 3.2 mi/l (Zenkevich, 1963). According to Henriksson 
(1967), the species does not tolerate anaerobic conditions as well as some other 
polychaetes occurring in the Sound. In a laboratory test 50 % of the tested specimens 
died before anaerobic conditions were reached. 
Thyasira flexuosa (Montagu) including T. sarsi Philippi 
An arctic and boreal species (Jensen and Spärck, 1934). 
	
frcq. 	depth range/ 	I range/ 	 S range/ 	ind/m= 	g/m= 
in 	 °C 	 °/ao 	maximum maximum 
Gullmar Fjord ..... 	15126 	13-118 	0.6-14.6 	23.9-35.0 	1 730 	137.5 
40/66 Df 
Gothenburg ........ 	4/22 	14— 22 	3.9-15.6 	23.7— ? 	33 	0.7 
Shallow inlets of Bo- 
huslän ........... 	16158 	11— 27 	?-16.1 	21.9-32.2 	188 
The Sound ........ 	± H 	9— 32 c. 2-16 	c. 15-34 	207 H 	? 
The optimum habitats of the species in SaltkälIefjord seem to be in the zone 
with upwelling water on sawdust-rich, sandy clay bottoms. It may be somewhat 
favoured by pollution. The abundant occurrence of it right on the border of the 
heavily polluted zone may be connected with the rich supply of nutrient substances 
in suspension. The oxygen range of the species in the fjord was from 0.4 to 10.7 
mg/l; the optimum values being from 3 to 8 mg/l. 
The distribution into size classes of specimens taken in different months at two 
stations in Gullmar Fjord is presented in the following tabulation: 
Length of shell/ 	 Sr. 15 (37 m) 	 St. 21 (77 in) 
mm 	 Oct. 10 	Aug. 8 	Nov. 15 	Nov. 24 	May 13 	Aug. 11 	Oct. 20 
1964 1965 1965 	1964 	1965 1965 	1965 
1— 2 	............ 	9 	0 	3 	0 	7 	0 	3 
2— 3 	............ 	39 8 29 	26 	11 1 	27 
3— 4 ............ 	38 	20 	25 	33 8 	1 20 
4— 5 	............ 	36 	36 3 	19 	6 6 	14 
5— 6 	............ 	5 	38 	6 	0 1 	1 4 
6— 7 	............ 	0 	29 8 	0 	0 0 	0 
7— 8 ............ 	0 5 	18 	0 0 	0 0 
8— 9 	............ 	0 	3 14 	0 	0 0 	0 
9-10 ............ 	0 6 	17 	0 0 	0 0 
10-11 ............ 	0 	8 8 	0 	0 0 	0 
11-12 ............ 	0 6 	1 	0 0 	0 0 
12-13 ............ 	0 	1 7 	0 	0 0 	0 
13-14 ............ 	0 0 	1 	0 0 	0 0 
mean weight mg/speci- 
men ............. 	9 	80 	107 	10 	14 	12 	12 
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According to the tabulation, the number of juveniles in the populations was 
highest in autumn 1964. The growth of the individuals at St. 15 can be estimated 
as about 1 mm/month during the late summer and autumn. At the deep stations 
off Saltkällefjord (Sts. 21 and 22) the growth of the species seems to be very slow 
and the length of the specimens collected did not exceed 6 mm. 
Syndosmya nitida Mull. 
A mainly boreal species (Jaeckel, 1952 b). 
frcq. 	depth range/ 
m 
Gullmar Fjord ..... 	16/26 	7-118 
26/66 Di 
Gothenburg ........ 	11/22 	2— 29 
, mngc/ 	S range/ 	id/m' 	g/m' 
°c °/,, 	ma,imum maximum 
	
0.6-13.0 	23.9-35.0 	99 	8.0 
3.8-16.8 	21.8-32.0 	60 	6.9 
Shallow inlets of Bo- 
huslän ........... 	15/58 	9— 	42 	?-16.2 	23.9-33.9 	340 	? 
The Sound ........ 	-r H 	14— 	32 c. 2-16 	c. 18-34 	63 H 	? 
In Saltkällefjord the species occurred in an oxygen range from 2.9 to 12.8 mg/1, 
and disappeared from the mouth of the Örekilsäly and from the deepest channel 
of Saltkällefjord, when the oxygen content near the bottom dropped below 2 mg/l. 
The highest densities were observed in the areas with upwelling water. Molander 
(1962) mentions that the species is very abundant in the Zostera zone in the shallow 
inlets of Bohuslän. He determined its depth range in the substratum as from 0 to 
3 cm (Molander, 1928 b). Ekman (1947) mentions the species as favouring substrata 
with consistency values of 6-18. 
The distribution into size classes of S. ,ritida specimens from the innermost parts of GulImar Fjord. 
Length of 	St. 5 	St. 13 	Sr. 13 	St. 14 	St. 17 	 Sr. 21 
shell/mm 16 m 	33 m 	33 m 	34 m 	37 m 77 m 
Oct. 26 Nov. 5 Nov. 11 Oct. 20 Nov. 5 Nov, 11 Nfzy 13 Aug. 11 Oct. 20 
1964 	1964 	1965 	1965 	1964 	1964 	1965 	1965 	1965 
1-2.... 	14 	0 	0 	0 	0 	0 	0 	0 	1 
2— 3 .... 	12 	0 	0 	0 	0 	0 	0 	0 	4 
3— 4 .... 	2 	0 	2 	0 	0 	1 	0 	0 	1 
4— 5 .... 	2 	2 	3 	1 	1 	1 	2 	0 	1 
5— 6 .... 	0 	0 	6 	1 	2 	0 	0 	1 	0 
6— 7 .... 	0 	0 	3 	0 	0 	0 	1 	1 	1 
7— 8.... 	0 	0 	1 	1 	0 	6 	1 	1 	0 
8— 9 .... 	0 	0 	0 	0 	0 	4 	0 	2 	2 
9-10.... 	0 	3 	0 	0 	0 	0 	0 	3 	1 
10-11 .... 	0 	1 	0 	0 	1 	3 	0 	4 	1 
11-12.... 	0 	0 	0 	0 	4 	0 	0 	1 	1 
12-13.... 	0 	0 	0 	0 	1 	0 	0 	0 	0 
13-14.... 	0 	0 	0 	0 	0 	1 	0 	0 	0 
15-16.... 	0 	0 	0 	0 	0 	1 	0 	0 	0 
The number of juveniles in the populations seems to be highest in autumn. The 
wide fluctuations of the population densities of the species at the head of Saltkälle-
fjord and in the harbour of Gothenburg (Bagge et al., unpubl.) may be due to critical 
oxygen conditions. 
7 SEASONAL AND LONG-TERM CHANGES IN THE ANIMAL COM-
MUNITIES IN RELATION TO POLLUTION 
Some information of the earlier composition of benthic animal communities in the 
innermost parts of Gullmar Fjord is found in the works of Molander (1928), Gislen 
(1930) and Lindroth (1935). Moreover, the remains of animals found in the bottom 
core samples (Tables 9 and 10) may give some indications of earlier conditions. 
A comparison of the data of Lindroth and the material of the present study 
shows that by 1964-65 some drastic changes had taken place in both quality and 
quantity of the fauna of the innermost parts of Saltkällefjord. In Fig. 24 the number 
of species and specimens (id/m2) at some stations along the longitudinal axis of 
the fjord in August 1965 are compared with the fauna lists of Lindroth made in 
August 1932. Although the lists of the species published by Lindroth are not com-
plete, we can see that the numbers of species and specimens are noticeably higher than 
those recorded in 1965 at stations 5, 9 and 11; i. e. in the same area where he found 
the maximum occurrence of benthic species. It is possible that in 1932 some species 
benefited by the light pollution of the bottom at the mouth of the Örekilsäly, but 
that during the last 30 years the conditions on the bottom of this area have become 
unfavourable for the majority of the species, and the maximum occurrence of the 
benthic fauna has moved about 1.5 km seaward. The benthic fauna in the harbour 
of Munkedal (St. 7) was scanty even in 1932, which may indicate some kind of dis-
turbance of the bottom in that area. 
The distribution of some of the most common benthic invertebrates in Salt-
källefjord in August 1932 and in autumn 1964 is presented in Fig. 25. Unfortunately 
the fauna list of Lindroth for St. 11 is incomplete, and gives no quantitative 
data. In the absence of quantitative data, the presence of a species is indicated by a 
cross. 
It should be mentioned here, that the communities distinguished by Molander 
(1928) in Gullmar Fjord and the adjacent waters were critized by Lindroth, who 
considered it impossible to delimit different animal associations on the rapidly 
varying mosaic-like bottoms in the innermost parts of Guilmar Fjord. Some of 
the fauna lists published by Lindroth (1935), however, support the theory of the 
existence of different communities (cf. also Molander, 1962). In order to facilitate 
comparisons between the animal communities found by the author in 1964-65 
and the data of Lindroth from Saltkällefjord, the fjord is divided into 5 subareas 
in the following discussion: 
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Fig. 25. The distribution and density of some common benthic animals in Saltkällefjord (white 
circles in 1932 and black circles in autumn 1964) 
91 
Saltkälle Bay (Sts. 3-5, 8, depth 10-20 m) 
According to the data of Lindroth (1935), the composition of the fauna living in 
the area in 1932 corresponds to that characteristic of the Syndosmya alba community 
(Thorson, 1957), although Abra alba, mentioned by Thorson as one of the type 
species in the community, was almost absent from Lindroth's material. According 
to Thorson, the community favours muddy bottoms at depths of 5-30 m. It was 
found by Molander (1928) in the shallow parts of Gullmar Bay. Sandy bottoms 
at such depths are usually inhabited by the Venus community and silty bottoms 
by the Amphiura community. In Saltkälle Bay, however, the low temperatures may 
limit the occurrence of Amphiura species. The following species recorded by Lind-
roth seem to have suffered from the increase of pollution in the area and were 
rare or totally absent in 1964-65 (Fig. 25): Phaxas pel/ucidus, Pectinaria koreni, Ophiura 
texturata and Scalibregma inf stum, while the distribution of such species as Diastylis 
rathkei, Aloidis gibba, Philine aperta, Gdycera alba and Nephtj's hombergi has not 
changed since 1932. The densities of the indicator species for pollution (Capitella 
capitata and Scolelepis fuliginosa) were low in autumn 1964 but in spring and autumn 
1965 they comprised 50-95 % of the total number of specimens at some stations. 
The number of suspension-feeders was small in the area (Fig. 21) compared with 
that in the middle parts of Saltkällefjord, while the number of limivorous species 
was high, especially in 1965. The percentage distribution into feeding types of the 
specimens found at different stations in autumn 1964 is seen in the following tabu-
lation: 
Feeding tppc Sr. 3 5t. 4 5t. 5 Sr. 8 
(10 m) (13 m) (16 m) (20 m) 
L 	(limivores) 	................ 29 7 51 14 
S 	(selective deposit-feeders) 	... 26 24 30 38 
F 	(suspension feeders) 	........ 5 22 11 14 
C 	(carnivores) 	................ 34 46 8 31 
The fluctuations in the number of species were high (cf. Fig. 16), especially 
at stations where conditions were occasionally anaerobic. As an example of the 
fluctuations, the fauna lists from St. 5 for autumn 1964 and 1965 are presented in 
Table 18. 
In the classification of the communities of Saltkällefjord (Fig. 19) a great part 
of Saltkälle Bay was treated as being inhabited by the Capitella fuliginosa community. 
The mouth of the Örekilsäly (St. 2, 6-7, 9-11, depth 4-25 m) 
The area which is now characterized by polluted and very polluted bottoms (cf. 
Fig. 28) with a high detritus and fibre content in the sediment and a high consump-
tion of oxygen of both water and deposits was inhabited in 1932 by the Amphiura-
rich community. The main factors responsible for the transition from the Amphiura 
f 
TABLE 18. Species composition at St. 5 (ind/m) + feeding types 
Linear 	bilineatus ................. 
Nov. 26 1964 
(high oxygen 
contcnt) 
Nov. 11 1965 
(low osvgcn 
content) 
Faeding 
type 
10 	 — C 
Pholoe 	minuta 	................... 3 — C ? 
teorre 	onpa o 	.................... 7 	 I 5 C ? 
Ophiodromus flexuostis ............. 20 — C 
Nereis diversicolor 	............. 20 — S 
N. 	Zonata 	...................... 3 — s 
Glycera 	alba 	.................... 10 — C 
Polydora 	ciliata .................. 26 — S 
Scolelepis fuliginosa ............... 7 550 S 
Pectinaria 	koren ................. 13 — S 
Capitella 	capitata ................ 336 155 L 
Pefoscolex 	benedeni 	............... — 410 L 
Syndosmya nitida ................. 99 — S 
Hydrobia ulvae 	.................. 33 — S 
Aloidis 	gibba .................... 69 25 F 
Phaxas pellucidus 	................ 3 — F 
fzliformis—A. chiajei community to the »polysaprobic» Capitella fu1iginosa com-
munity may have been the large amounts of organic matter settling in the area and 
occasionally anaerobic conditions near the bottom. Lindroth (1935) mentions c. 27 
benthic species occurring in the locality of the present St. 9. During the present 
investigation only 5 macrofaunal species were found at this station. None of them 
was present in summer 1965. All the suspension-feeders were rare or absent (such 
as Thgasira flexuosa, Aloidis gibba and Amphiura filiformes) and only two carnivores 
(Carcinisles maenas and Nassa reticulata) were recorded at some stations. The pro-
portion of limivorous capitellids (Capitella capitata and Heteromastus fzli formis) varied 
from 44 % to 100 % of all the specimens collected. The biomass of the fauna fluctua-
ted from 0 to 87.8 g/m2. The productivity of the bottom may, however, be rather 
high owing to the great bacterial and microfaunal activity, especially during the 
warm season (indicated by high BOD of deposits) and the short life span of the 
species. According to Reish (1960), Capitella capitata is able to propagate rapidly 
and to have several generations during one year. 
The middle parts of Saltkällefjord (St. 12-19, 33-56 m) 
Within this area the inflowing bottom current may well up and the bottom consists 
mainly of sandy clay which has a small consumption of oxygen (Fig. 12). Owing 
to currents, the fauna of the area consists mainly of suspension-feeders; the number 
of selective deposit-feeders, however, increases with increasing depth. The per-
centage of limivorous species is small, except at stations where the bottom contains 
ample amounts of sawdust and wood chips (St. 12 and 15 cf. below). 
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Percentage distribution into feeding types of specimens taken in the middle parts of Saltkällefjord 
in autumn 1964 
Feeding tppe Sr. 12 St. 	13 St. 	14 St. 	15 St. 	16 St. 	17 Sc. 	18 St. 	19 
(33 m) (34 m) (34 m) (37 ro) (37 m) (37 m) (41 m) (56 m) 
L 	................ 28 5 4 34 7 10 30 38 
S 	................ 17 22 18 14 15 31 42 30 
F 	................ 50 71 74 49 71 51 15 23 
C 	................ 4 2 4 3 6 7 11 8 
The composition of the fauna at St. 12 (Table 19), shows some differences when 
the data of Molander (1928) are compared with the present fauna lists. It should 
be mentioned that the sampling sites in August 1965 and November 1965 were 
not quite identical, which may explain the great differences in the density values 
obtained. The fauna was somewhat richer in 1965 than in 1923. The species belonging 
to Spionidae and Capitellidae, and Thyasira fdexuosa were absent in Molander's material, 
while they predominated in summer 1965. Many so-called deep water species men-
tioned by Molander as occurring in the locality, such as Rhodine, Maldan, Melinna, 
Calocaris and Nucula tennis were absent from the present material. 
As stated above, the species composition on sandy clay bottoms differs some-
what from that found on bottoms containing also sawdust and wood chips (Table 20). 
As seen in the table, many polychaetes clearly favoured bottoms consisting of soft 
clay or soft sandy clay, while suspension-feeding bivalvia, such as Thyasira fffexuosa 
and the brittle stars were more abundant on mixed bottoms. 
According to Gislen (1930), a rich ascidian community occurred at Korsvik 
(near the present St. 14) at a depth of 28.5 m. In the community, which consisted 
mainly of Ascidia oblique, A. mentula and Chaetopterus norvegicus, the ascidian biomass 
was about 14.5 kgfnr=. During the present investigation only some ascidians and 
two Chaetobterus specimens were collected in the Ockelmann samples near St. 14. 
The deep channel of Saltkällefjord (St. 20, 66 m) 
As was stated by Thorson (1957), the silting and softening of the substratum in 
Anz ihiura-rich communities may, together with an increase in depth, give a pre-
ponderance of Brissopsis, Thyasira and especially the sedentary polychaetes, and 
will finally lead to the Maldane community. This process is clearly seen in the 
deepest channel of Saltkällefjord lying below the sill depth, where the exchange 
of water is only occasional. Suspension-feeders are almost totally absent from this 
locality, where the bottom currents are weak and irregular. A trend towards the 
predominance of deep-burrowing limivorous species with increasing depth and 
looseness of the substratum is clearly revealed by a comparison of the percentages 
of different feeding types at St. 19 and St. 20: 
Feeding types 	 St. 19 (56 m) 	S. 20 (66 m) 
L 	.................... 	38 	 95 
S 	.................... 30 2 
F 	.................... 	23 	 0 
C 	.................... 8 3 
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TABLE 19. The composition of the fauna at St. 12 (33 m) (ind/rn2) 
Porifera 	....................... 
June 1923 
Molandee 
October 	May 
1964 	1965 
August 
1965 
November 
1965 
Feeding 
type 
— 3 — 	— — 	F 
Pachycerianthe s mrulliplicalits ....... — 3 — — — C 
Cerebra/u/u: fuscus 	................ — 3 5 	— 20 	C 
Gattyana 	cirrosa 	................. — 3 — — — C 
Pholo i minvla 	................... 3 — — 	— 130 	C? 
Anailides 	sp . 	.................. — i 	3 — — — 	I 	C 
Ophiodromus  — — 5 	— — 10 	I 	C Eumidaanguinea. 
	.............. — 
15 — — C 
Glycera 	alba 	................... 16.5 — — 	— 10 	1 	C 
Goniada 	maculata 	................ 10 — — — — 	C 
Lurnbrinereis fragilis 	............. 7 — — 	— — S 
Spiophanes krögeri 	............... — 3 — — — 	S 
Scolelcpis frliginosa ............... — 3 I 	610 	1 550 10 S 
Polydora 	ciliala 	................. — — 5 — — 	5 
Sca/op/as armiger 	............... — 3 — 	— — L 
Otvenla fusiforrnis 	................ — — — — 10 	S 
Scalibregma injlatum .............. 13 1 6. 5 10 	— 30 L 
Disoma mull/cetorum 	............. — 26.4 — — 20 	S 
ChaetoZone 	se/osa 	................. 3 — 5 	— 60 S 
Diplocirrus glaucus 	............... 3 — — — 	S 
Capilella 	capitata ................ 43 3 370 	1 500 70 L 
Heteromastyu f/iformis 	........... — 26.4 — — 650 	L 
Rhodine 	loveni 	................... 13 — — 	— — 	I 	L 
Ma/dane 	narri 	................... 3 — — — — L 
Anobothrus graei1i . 	............... 3 — 5 	— — 	S 
Ampharele grubei 	................ — — — 50 S 
Peclinaria 	koreni 	................ — — — 	— 10 	S 
Lyrilla 	loven 	................... — — — — 10 S 
Melinna 	crisiata 	................ 3 — — 	— — 	~ 	S 
Terebellides 	stroemi ............... 3 — — 	I 	— 10 S 
Pelo.colex 	benedeni 	............... — 3 10 — 30 	L 
Ampelisca 	lenaicornis 	............. 3 — — 	— remains 	S 
Lammarellus angulosus ............ — 10 — — — S ? 
Balanus 	balans/des 	.............. — 3 — 	— — 	F 
Calocaris macandreae 	............. 3 — — — — 	L 
Hanleya hanteyi 	................. — 3 — 	— — S 
Hydrobia 	sp . 	................... — 13 j 	5 	I 	— 10 	S 
Na/ira 	alderi 	................... — — 5 — — C 
Ne:eina 	nilida 	................... — — — 	— 120 	S 
N. 	lenas 	...................... 3 — .. — — 	S 
Mylilus 	edulis 	...................  10 — 	— — F 
Montacuta 	spp . 	................. — 129 5 — 730 	F 
Thyasira flexuora 	................ — 3 20 	10 460 F 
Aloidis gibba 	................... 3 16.5 10 3 20 	F 
Sjindormya niiida 	................ — — 5 	— — S 
Abra 	alba 	...................... — — — — 10 	S 
Amphiura fliformis 	.............. 244 remains remains 	— 960 F 
A. 	chiajei 	...................... 16.5 — — — 50 	S 
Ophiura 	texturata 	............... 3 — — 	— — S,C 
Behinocardium cordatum ........... — — — 	I 	— 10 	S 
Dendrodoa grosse/aria ............. — 3 — — — F 
ind/m2 360 333 4 675 	3 120 3 530 
g/m2 21.6 4.7 29.5 	24.4 347.0 
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TABLE 20. Species composition on different substrata at two stations in the middle parts of Salt- 
källefjord. (the 	numbers indicate the density/m'- in summer 1965) 
Sr. 13 (34 m) Sr. 14 (34 m) 
Sample I Sample 2 Sample I Sample 2 Sample 3 
Type of bottom: muddy clay sondy clay muddy clay muddy clay sandy clay 
sawdust sawdust gravel 
Nemerlea 	...................... 30 — — 10 - 
Cattyana cirrosa 	................. — — I 	10 — - 
Pholoe ,ninuta 50 — 30 — - 
Ophiodronius flexuorun 	............ 20 — — — - 
Glycera 	alba 	.................... 20 10 10 — - 
Nephlys 	ineka 	.................. 10 —  -  
Goniada maculata 	................ 30 — — — - 
Spiopbanes 	kröyeri 	............... 10 — — - 
Scolelepis fuliginosa 	............... — 10 — — - 
Prionospio malmgreni 	............. — — — 30 - 
ChaetoZone 	recto a 	................ 10 — — — - 
Diplocirrus glaucn.r 	............... 10 — — 10 - 
Brada vii/osa 	.................... — — — 10 - 
Disolna mL!1tLJeloJZr777 10 — — — 
Scalibregma inflatum ......... ... ! — 30 -  
Polyphyria 	trasa 	................ ! 	— — i 	20 40 - 
Rhodine 	loveni 	................... 20 10 — — -  
Caphella caPitata — — 20 10 - 
Anobothrus gracilis 	.............. 10 — — 10 - 
Peclinaria amrrieDsm ............... 20 — — 10 - 
P. 	,Loren 	...................... — — — 10 - 
Melinne 	cristata 	................ 10 10 — — - 
Chaeloderma nit/do/urn 	............ I 	20 — — — I 	- 
Cylichna cylindracea ............... — — — 10 
Hydrobia 	sp . 	.............. .. 20 20 shells shells - 
1Vassa reficulata 	................ — — — — 10 
Narcula nitida 	................... 70 10 — 40 60 
N. 	tennis 	...................... 30 30 20 10 20 
Thyasira ffexuosa ................. 60 20 410 180 500 
Pecton septemradiatut 	............. l 	10 — — — -  
Montactrta sp .................... 210 50 30 280 160 
Aloidis gibba 	.. 	................ — — — 20 - 
Syndo.nrrya nitida 	................. 50 60 — 10 i 	-  
Amphiura cbiajei 	....... — 80 — — 120 
A. 	fliforrnis 	.................... 970 530 remains remains 430 
Ophiura 	albida 	.................. 10 i 	— — — - 
Ascidiella 	aspersa 	................ — — — — 10 
During autumn 1965 the oxygen content in the mud-water interface at St. 20 
dropped to 0.3 mg/l for a period of about 3 weeks. This caused some changes in 
the composition of the fauna, and the number of species decreased. This is illustrated 
by the fauna lists for August 6 and October 15 presented in Table 21. 
Comparison of the present material with Lindroth's data from the deepest channel 
of Saltkällefjord (Fig. 25) shows that no drastic changes have happened in the animal 
community during the last 30 years. The type species in 1932, however, seem to 
have been Melinna cristata, Nusula tenuis and Rhodin loveni, and the selective feeding 
faunal component was then better represented than in the present material. 
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TABLE 21. The composition of the fauna at St. 20 (id/m2) 
Aug. 6 1965 	October 15 1965 	Feeding Type 
(after high oxygen 	 (after low oxygen 
conditions) 	 conditions) 
Glycera 	alba 	.................I. 30 10 C 
G. 	rouxi 	....................... 3 — C 
Phyllodocidae 	.................... — 7 C? 
Nereis 	sp . 	.................... — 3 S 
Spiopbanes krögeri 	............... — 10 ~ 	S 
Pol ~ h sia tratta ~p y 	................ 3 — I s 
Sealibregma inflatum .............. 17 — ' 	S 
Capitella 	capltata ................ — 10 L 
Heteromastns fliformis 	........... 453 440 L 
Rhodine gracilior ................. 3 — L 
R. 	loveni 	....................... 17 — L 
Maidane 	sarsi 	................... 173 70 L 
Pectinaria 	koreni 	................ 3 — S 
Phascolion 	sirosnbi 	............... — 3 (juv.) I 	L 
Dias//is 	boecki 	................. 20 — S ? 
Festwoodilla 	caecu/a .............. 10 — S 
Panda/us 	sp ..................... 3 (juv.) — C 
Calocaris neacandreae 	............. remains —  (L) 
Chasioderma nitidulun ............ 3 — S 
Cylichna 	cylindracea 	.............. — 3 C 
Philine 	aperta .................... 3 — C 
Nucula 	tenuis 	................... 13 3 S 
Thyasira flexuosa 	................ 7 20 F 
Spisuia 	solida 	................... — 3 F 
Syndosmya nitida 	................ 27 — S 
Aloidis gibba 	................... 37 23 F 
Mya 	runcata 	................... 3 (juv.) — F 
Amphrnra fl//formis 	.............. 3 3 F 
id/m2 833 609 
g/m"- 14.0 12.9 
The deep stations in Gullmar Fjord (St. 21, 77 m and St. 22, 117 m) 
According to Molander (1928), large areas of the bottom in the deep parts of Gullmar 
Fjord are occupied by the Melinna-tenuis association. Both of the type species favour 
soft mud-like bottoms and have their maximum occurrence below a depth of 60 m 
(Fig. 23). Since there are only small fluctuations in some hydrographic parameters 
in the deep water zone of the fjord, the depth and quality of the substratum seem 
to play a large role in determining the species composition. According to Molander 
the hard sandy clay bottoms are inhabited by the Terebellides-flexuosa association 
(var. Ter. flex. + Leda) at depths of 77-80 m, and by (var. Ter. flex. + Melinna) 
at depths of 86-100 m, while the sulphide clay bottoms at depths of 60-74 m 
are occupied by the Melinna-tennis association (var. M. ten. 	Maldane) and the 
greatest depths of the fjord (106-118 m) by (var. M. ten. + Brissopsis). No great 
changes in the composition of the fauna and in the abundance of dominant species 
are seen when the data of Molander are compared with the present fauna lists. The 
present material, however, is too small for more exact conclusions. 
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The proportion of selective deposit-feeders in the deep bottom samples is higher 
than the values obtained in Saltkällefjord and limivorous species constitute only 
a small percentage of the total number of specimens. According to an analysis made 
in autumn 1964, the percentages of the feeding types were as follows: 
Fceding type 	 St. 21 (77 	m) 	Sc. 22 (117 m) 
L 	.................... 	14 7 
S 	.................... 49 	42 
F 	.................... 	32 45 
C 	.................... 5 	6 
As stated before, the high percentage of suspension-feeders found in the deep 
localities is, due to the abundance of Thyasira flextiosa. The commonest limivorous 
species were Heteronzastus filiformis, Maldane sarsi and Eriopisa elongata. Some carni-
vores such as Pachycerianthus i>rultiplicatus, Nephtys paradoxa and Pontophilus norvegicus 
and the scavenger Myxine glutinosa occurred frequently in the samples from these 
stations. The small percentage of limivorous species occurring in the deep deposits 
of Gullmar Fjord, may indicate that the nutrient status of the sediment is lower 
than in Saltkällefjord. This is also indicated by low ignition loss percentages of 
the deep deposits (Fig. 12) and low BOD values. The content of plant pigments 
of the deep deposits is also low. 
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8 THE FAUNAL SUCCESSION AND THE TYPE SPECIES GROUPS OF 
THE BENTHIC COMMUNITIES OF SOME MARINE AREAS POLLU-
TED BY SEWAGE AND PULP MILL WASTES 
The main influence of domestic sewage and pulp mill wastes on marine animal 
communities seems to lie in their removal of dissolved oxygen from the waters 
into which they are discharged. They may also effect the biota by changing the 
physical and chemical characters of the sediment or by increasing the bacterial activity 
in both the water and the bottom. The toxic effect of these effluents on the benthic, 
fauna, may, however, be rather small although when deposited they can both accele-
rate the accumulation of hydrogen sulphide in the sediment, and SWL may kill 
the larvae of some bottom-living invertebrates, when present in high concentrations. 
The pollutant effects of sewage and pulp mill wastes are very similar. The local 
conditions in the water bodies where the wastes are discharged and the nature and 
dilution rate of the effluents largely determine the extent of their influence. Water 
bodies where the exchange of water is limited by sills, ice-cover or retarded estuarine 
circulation are generally more liable to the harmful effects of pollutants than open 
coasts (cf. Bagge and Voipio, 1967). 
Many polluted estuaries or areas near sewers display a clear zonation of the 
animal communities according to the grade (strength) of pollution. This has led 
to attempts to classify the communities and bottoms on the basis of the grade of 
pollution (cf. Reish, 1955 and 1959, Laakso, 1965 and Bagge and Voipio, 1967). 
In many investigations the value of different communities or species as indicators 
of the strength of pollution is based on differences found between the composition 
of the fauna of polluted and adjacent unpolluted areas. Owing to possible differences 
in some abiotic factors of the areas compared, the results may be somewhat misleading. 
More satisfactory results may be gained in areas such as Salthällefjord, the estuary 
of the Göta älv (cf. Swedmark, 1966, Bagge et al., unpublished) or in the Sound 
(Henriksson, 1967) and Oslo Fjord (Beyer, 1968), where the long-term changes in 
the communities may be observed by comparing the present fauna lists with the 
data of earlier investigations. Information on the original (previous) animal com-
munity, which lived or would be able to live in an area prior to pollution is of special 
importance, since the effects of pollution depend on the material subjected to its 
influence. As stated by Hynes (1963), there are no macroscopic animals characteristic 
of polluted areas alone, and the influence of pollution on the fauna in each particu-
lar area may be assessed only by studying the changes in the communities. 
(D) — 
— D 
D 
D 
B ? 
D D 
D ? 
B - 
- D 
D D 
B D 
B D 
B 
B B 
B B 
D D 
D D 
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TABLE 22. The dominants (D) and the most common by-species (B) in the polluted marine locali-
ties on the west and south coast of Sweden 
SALTKi1LLEFJORD GOTHENBURG 	THE SOUND 
(this study) 	 (Henriksson, 1967 
1. OLIGOHALINE ZONE 
Nais eIinguix Muller ................ 	D 
Corophium volutator (Pallas) .......... B 
Chironomus gr. thummi ............... 	D 
Pbaenopsecira ep . .................... j B 
2. MESOHALINE ZONES 
Nais eliinguis ....................... 	D 
Tubifex coslalus (Clap.) .............. D 
Peloscolex benedeni (Udekem.) ........ 	B 
Nereis diverricolor O.F.M . ............ B 
Coropbiur insidiosum Crawford ........ 	B 
C. voledator ......................... B 
Chironomus gr. halophiltu ............. 	D 
Chironomus gr. sa/inarius .............. B 
Card/urn larnarcki Reeve ............. 	- 
Mya arenaria L . ................... . 
Macoma baltica (L.) ................ . 
3. POLYHALINE ZONE 
Peloscolex benedeni ................... 	B 
Ophiodromus flexuosus d. C ............. B 
1Vereis diversico%or ................... 	B 
Polydora ciliala (Johnston) ........... B 
Scolelepis fuliginosa (Clap.) ............D 
Sea/op/os armiger O.F.M . ............. 	B 
Capuetla tapnata (Fabr.) .............. 
	
D 
Anrpharete grubei Malmgren ......... B 
Terebellides slroemi Sars .............. - 
Halicryptus spiWnlosrrs v. Siebold .... . 
Phi/inc aperta L . ................... 	B 
Mcidis gibba Olivi .................. B 
Mya arenaria ...................... 	- 
Cardiurn lamarcld ................... — 
4. MIXOEUHALINE ZONE ......... 
Scolelepis fuliginosa .................. 	D 
Capnet/a capilala ................... D 
Heleromasiess fitiforsnis (Clap.) ........ 	B 
Thyasira f!exua.na Montagu ........... D 
NOT STUDIED 
NOT STUDIED 
In order to evaluate the role played by the original animal community in deter-
mining the nature of the type species groups inhabiting polluted localities, and the 
importance of salinity as a primary ecological factor influencing the composition 
of the fauna, some fauna lists from areas polluted by sewage and industrial wastes 
are presented in Table 22. The salinity zones are classified according to the Venice 
System (1958). 
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A short description of the areas compared 
Saltkällefjord (polluted by effluents from pulp-, saw-, and paper mills and by 
sewage) 
— Oligohaline Zone: St. 11-a at the mouth of the Orekilsäly. Depth 0.2-0.5 m. Salinity 1-5 °/oo: 
Sandy or sulphidic silt bottoms predominate. 
— Mesohaline Zone: 
	
	St. 231 -a , littoral areas off the river mouth. Depth 0.2-1.3 m. Salinity 
C. 1-30 °/oo. Black silt bottoms dominate. 
— Polyhaline Zone: 	(innermost parts of Salticällefjord cf. Fig. 22). Salinity 21-33 °/oo, depth 
10-25 m. Bottoms consist mainly of sulphide clay, detritus and sawdust, 
partly anaerobic. 
— Mi.voeohaline Zone: (deeper localities off the river mouth (Fig. 22). Salinity usually over 30 °/oo. 
Depth of polluted localities from 25 to 37 m. Sulphide clay and sawdust 
predominate on bottoms. Oxygen contents occasionally low. 
The strength of the pollution in the area is indicated by an »azoic» zone (0.5 km 
in length) at the mouth of the Örekilsäly, which was totally devoid of macrofauna 
in 1965 (Fig. 19). 
The previous animal community inhabiting the polyhaline zone in 1932 (cf. 
Lindroth, 1935), which may be called Syndosmya alba community, has been partly 
replaced by the Capitella f2//loinosa community during the last 30 years. The distri-
bution of some tolerant species has not changed, however, since Lindroth's investi-
gation and these are living as associated (by-species) in the area (cf. Fig. 25). 
The previous community inhabiting the mixoeuhaline zone in the area .off the 
river mouth, the Amphiura lilifor vis — A. chiajei community, has been almost totally 
replaced by the Capitella fii/ ginosa community (except at Sts. 12 and 15) during the 
last 30 years. 
The harbour of Gothenburg (polluted be sewage and industrial wastes) 
The species list from the polyhaline areas presented in Table 22 is based on 
papers of Swedmark (1966) and Tulkki (1968). The salinity in the harbour area 
varies from 16 to 27 °/oo near the bottom, and the depth from 6 to 10 m. The bottom 
consists mainly of sulphide clay which locally contains large amounts of faecal gyttja. 
More detailed species lists from the area will be published by Bagge, Eliason, Swed-
mark and Tulkki (unpublished manuscript). 
The Sound (polluted by sewage and industrial wastes) 
The species list (in Table 22) from the polluted zones of the Sound is based 
on the paper of Henriksson (1967). Since the salinity, even in the bottom water, 
fluctuates widely (from 5 to 34 °/0° at a depth of 10 m in the Lappegrund and from 
31 to 34 °/oo at a depth of 30 m in the same locality — Dybern, 1967) difficulties 
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are encountered in distinguishing the salinity zones. In the Table the species which 
have their maximum occurrence in shallow water are included in the mesohaline 
zone and the deep water species in the polyhaline zone. 
In 1965, before the sewers were installed, the area near Sjölundautloppet was 
inhabited by about 20 benthic species (Henriksson, 1967) some of which, such as 
Hydrobia sp., displayed high densities. A year after the beginning of the discharge 
of pollutants Nereis diversicolor, Terebellides stroemi and Scoloplos armiger were especially 
noticeable. Later on Capitella capitata and Ampharete grubel became very abundant 
and some polychaetes such as Rhodine gracilior, _Anobothrus gracilis and Amphicteis 
gunneri totally disappeared from the area. In the Sound species such as Nereis diversi-
color and Capitella capitata are found close to localities entirely devoid of macroscopic 
species in the immediate neighbourhood of the sewage outfalls. Scoloplos armiger 
also occurs close to these areas, being found nearer than Terebellides stroemi and 
Ampharetegrubei. According to Henriksson (1967), the following features are common 
to the species which favour polluted bottoms in the Sound: 
— They are rather well-sheltered, being hidden in the sediment and often protected 
by tubes • or canals. 
— They are able to utilize the detritus, bacteria and nutrient salts with which the 
environment is supplied by the inflow of wastes. 
— They are prolific. 
— The egg stage as well as the first larval stage may — as in the polychaetes and 
Halicrjpttrs spinulosus v. Siebold — take place in the tubes of the female or sheltered 
in the egg capsules, or as in the bivalvia — the period preceding the planktonic 
stage is much reduced. 
— All the species are euryhaline and are able to support wide and sudden fluctuations 
in salinity. 
— They can live for a long time in environments with little or no oxygen. 
— They can tolerate a certain concentration of hydrogen sulphide. 
As can be seen in Table 22, the differences between the local abiotic factors in 
different water bodies and the resultant differences in the communities which inhabit 
them make it impossible to develop an indicator system valid for all polluted marine 
localities, even when the nature of the pollutants is the same. As was stated by Tulkki 
(1967), there seem to be many indicator systems (saprobic systems) even for the 
northern part of the Baltic, where the environmental abiotic factors, such as salinity 
and temperature, are rather constant compared with those of many estuaries. In most 
heavily polluted habitats (usually anaerobic), such as harbours and the mouths 
of severs, there is often an azoic zone, totally devoid of macroscopic animals. Imme-
diately outside this zone there is an area characterized by the presence of very tolerant 
species which often benefit by the enrichment of the bottoms and occur in huge 
numbers. In low-oxygen habitats, like Saltkällefjord, this zone is inhabited by poly-
chaetes, but in areas where the oxygen content near the bottom is higher and the 
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bottom is swept by currents, as in the harbour of Gothenburg or in some localities 
in the Sound, this zone is inhabited by suspension- or selective deposit-feeding 
bivalvia. In the former case the biomass is low (since polychaetes are usually small), 
but if the inhabitants are molluscs the biomass may be several times as high as that 
on normal bottoms. 
In all the salinity zones discussed, wherever the oxygen content is low, there 
seems to be a tendency for limivorous deep-burrowing or selective deposit-feeding 
animals to dominate in the type species groups. In the oligo- and mesohaline zones 
these species are mainly oligochaetes and chironomids, while in more saline environ-
ments they are replaced by capitellids and spionids. There are wide fluctuations in 
salinity in the Sound and the type species groups of the communities in that area 
comprise both brackish-water and euryhaline marine species. The same was observed 
in the harbour of Gothenburg. 
9 EFFECTS OF EFFLUENTS ON DIFFERENT PARTS OF THE 
ESTUARINE ECOSYSTEM IN SALTKÄLLEFJORD 
As mentioned before, the discharge of effluents from the factories at Munkedal 
via the Örekilsäly into Saltkällefjord amounted to about 60 000 m3 per day in 1964. 
The main part of these wastes consisted of SWL (containing about 110 tons of SWL 
solids per day but the effluents also contained bark, wood chips and fibre. In Salt-
källefjord SWL usually occurred in the surface water, while the particulate material 
(including sawdust discharged into the fjord more than 40 years ago) was deposited 
rather soon after entering the fjord. In addition sewage and allochthonous aggregates 
carried by the river settle in the same area as the particulate material from the mills, 
thus increasing the disturbance of the bottom. 
A schematic representation of the probable cycle of the effects of the wastes 
on the environmental factors and animal life in the fjord is given in Fig. 26. The 
phases of the cycle are according to Voipio (1964, Fig. 4). 
1 1 EFFLUENTS 
2 ISEDIMENTING  MATTER 
3  
DISSOLVED MATTERI 
SWL SOLIDS 
4 DECOMPOSITION PRODUCTS 
ARE MIXED WITH WATER 
THE BOTTOM IS MATTER DECOM- DIRECTLY MATTER DECO OVERPRODUC- 
5 SILTING UPAND 
ITS QUALITY IS 
CHANGING 
6 POSES 
MING 
CONSU- 
OXYGEN 
7 TOXIC 
MATTER 
8 POSES CONS 
MING OXYGEN 
9 TION 	OF  
NUTRIENTS 
THE BOTTOM IS 	TOXIC GASES 
10 BECOMING INHOS- 11  FORM IN ANAE- 
PITABLE TO SEVE- 	ROBIC CONDI- 
RAL FORMS OF LIFE 	TIONS 
SOME PHASES IN 
LIFE NEEDING I 13 THE BIOLOGICAL CYCLE INCREASE 
12 OXYGEN IS 	ENORMOUSLY 
DISTURBED 
SOME PREREQUISITES 
FOR THE OTHER PHA-
11 SES BECOME 
MONEXISTENT 
115 I DEAD ORGANISMS 
Fig. 26. Schematic representation of the probable cycle of the effects of effluents in the fjord 
A. SWL concentrations 	B. Innermost finds of species 
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PEARL- BENSON INDEXES L Littorina 	I ittorea 
B BaLanus 	baLanoides 
mean values • B. 	improvisus 
Fl 	>200 P Praunus 	f lexuosus X Crangon 	crangon 
100 - 200 Idotea 	cheLipes 
50 - 100 N Nereis 	diversicoLor 
M MytiLus 	eduLis O maximum values 
Fig. 27. The mean and maximum concentrations of SWL in the surface water of Saltkällefjord 
and the innermost finds of some littoral species in 1965 
9.1 THE LITTORAL ZONE 
The waste effluents received by Saltkällefjord may be considered to influence the 
fauna of the littoral zone in three ways: 
— SWL may have a direct toxic effect on some organisms. 
— Pitch-like substances are deposited which may make the bottom uninhabitable 
for the larvae of some littoral species. 
— An effect is exerted via the food chains (the vegetation zones are disturbed). 
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The great fluctuations in salinity of the surface water at the head of Saltkällefjord 
and the ample amounts of other allochthonous particles besides those discharged 
from the factories may also limit the distribution of many littoral species, so that it 
is difficult to come to any definite conclusions regarding the toxic effect of SWL on the 
littoral fauna (Table 11, Fig. 27). As is seen in the lists of the littoral fauna (Table 11) 
there seems to be a paucity of species both at the mouth of the Örekilsäly and in 
the middle parts of Saltkällefjord, where SWL concentrations are highest and may 
occasionally have a Pearl-Benson Index of over 1 000. The absence from these areas 
of the following species and groups, in particular, may indicate disturbed conditions: 
sessile colenterates and epibiontic polychaetes, Hjidrobia species, sessile Ectoprocta and 
Asterias ruberrs. Mj'tilus edulis, Cardium, Idotea and Praunus species are also weakly 
represented in the fauna. Some burrowing limivorous or selective deposit-feeding 
animals living in the Chirononlus-elinguis community at the mouth of the river, seem 
to be better protected against pollution than epibiontic species, and may also be 
considered to benefit by the enrichment of the bottom. 
Gammarus specimens, which are omnivorous, also occurred abundantly in the 
littoral zone in every part of the fjord. In summer 1965, most of the specimens of 
Baianus improvisus obtained in the middle parts of Saltkällefjord were dead; living 
specimens were mostly found from the sides of blocks facing the mouth of the fjord 
at depths of more than 0.5 m. The distribution of many littoral species seems to 
be more even on the eastern than on the western side of the fjord (Table 11). 
9.2 THE PROFUNDAL ZONE 
The main effects of the waste effluents on the protundal zone of the fjord may be 
seen in the cycle illustrated in Fig. 26. The toxic effect of SWL on benthic organisms 
may be small, because SWL is mainly transported in the surface water. It may, how-
ever, kilt the larvae of benthic invertebrates. 
The main changes found in the animal communities in Saltkällefjord during 
the last 30 years can be summarized as follows: 
Subarea The possible animal The animal community 
community in 1932 in 1964-65 
Saltkälle Bay Syndosmya alba Syndosmya alba and Capitella fuliginosa 
(for periods) 
The mouth of the Amphiura fzliforvyis- Capilella fuliginosa 
breskilsäly A. chiajei 
The middle parts Amphiura filiformis- Amphiura filiformic-A. chiajel and Cap/te/la- 
of Saltkällefjord A. chiajei fuliginosa (on sawdust-rich bottoms) 
The deepest channel Melinna-tenoris Maldane-frliformis 
of Saltkällefjord 
The MaIdane-filiforrnis community may probably be considered an impoverished 
variant of the Melinna-tennis community. 
14 6830-69 
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Some possible reasons for the changes found in the animal communities in the 
the fjord may be as follows: 
— The organic content of the bottom and the deposition of silt have increased, 
especially near the mouth of the Örekilsäly. This is the result of the influx of sewage, 
pulp mill wastes and organic particles with the discharge of the river. The loose 
sediments, rich in organic matter, can maintain large populations of sediment-eating 
organisms, but are unfavourable for many suspension-feeders. 
— The high bacterial activity in both the water and the bottoms results in a high 
consumption of oxygen and low-oxygen conditions in the bottom water, especially 
in autumn, when the discharge of the river is small and the temperature of the inter-
mediate water layers is high. During low-oxygen periods the amount of H_S in the 
sediments may increase while the oxidizing layer (the layer where most of the aerobic 
organisms live) at the surface of the sediment decreases in thickness. As is seen in 
Fig. 13, the oxidizing layer is only 1-2 mm at stations near the river mouth, while 
at other stations its thickness is usually more than 10 mm. A low oxygen content 
and high concentrations of HS both limit the occurrence of steno-oxybiontic species. 
The degradation of SWL and other organic matter in the fjord can also lead to 
oxygen depletion in the intermediate water layers. In October 1964, the oxygen 
content of the intermediate water layer was observed to be lower than that of the 
bottom or surface water. 
— The low-oxygen conditions on the bottom both at the mouth of the Örekilsäly 
and in the deepest channel of Saltkällefjord have decreased the diversity of the fauna, 
and the absence of competition from other species has made it possible for some 
tolerant species to occur in high numbers. It should, however, be. explained that 
the low-oxygen periods are usually longer in the deepest channel of Saltkällefjord 
(Fig. 7) than on the shallower bottoms at the head of the fjord. The species common 
to both habitats are Heteromastus filiformis and Capitella capitata. 
— The possibility that the changes in the animal communities are partly due to 
long-term fluctuations in temperature and salinity cannot be totally excluded. How-
ever, the few salinity values given by Lindroth (1935) for Saltkällefjord are similar 
to those measured during the present study. The temperature readings obtained in 
1932 at a depth of 100 m in the deepest channel of Gullmar Fjord range from 5 to 
6.2°C (Svansson, 1968) and are almost identical with values measured in 1964-65. 
Since the type species in the Amphiura filiformis — A. chiajei community are sensitive 
to low temperatures, (cf. page 80), it is not impossible that this community disappears 
from the shallow bottoms during cold winters 1962/63 (cf. Svansson, 1968 Fig. 1). 
However, the fact that the Amphiura species were also absent from localities near 
the river mouth in 1966-67 (Leppäkoski, 1968) suggests that other factors besides 
temperature may limit their occurrence in that area. 
— Svansson (1968) writes of low-oxygen water, presumably coming from the 
Cattegat, penetrating the deep water zone of Gullmar Fjord in autumn 1962. Such 
A 
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Fig. 2. The grade of pollution of the bottom 
in Saltkällcfjord in 1964-65 
1. heavily polluted 
2. polluted 
3. slightly polluted 
4. slightly polluted 
5. healthy bottoms 
inflows of low-oxygen water seem to be rather rare, but their occurrence reveals that 
pollution and stagnation of water masses outside the fjord may occasionally have 
some biological consequences inside the fjord, as well. 
9.3 THE POLLUTION GRADE IN DIFFERENT PARTS OF SALTKÄLLE-
FJORD IN 1964-65. 
According to the present state of the benthic fauna (meiofauna and Ciliata in-
cluded) and some gradients in the enviromental factors, we can divide Saltkällefjord 
into 6 subareas with different grades of pollution (Table 23 and Fig. 28). 
The high number of limivorous capitellids and maldanids present at St. 20 
(Subarea 6), indicates that this channel should occupy a special position in the classi-
fication of the bottoms. Owing to stagnation, even small amounts of pollutants, 
will have an important effect in this deep area. 
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TABLE 23. The evaluation of the pollution grade of the bottom in different parts of Saltkällefjord 
in 1964-65 (cf. Fig. 28) 
Subarea No. 
1 	 2 
Scarioos 12, 6 	4, 5, 7-11 
Salinity zone 	. . . . . . . . . I meso- poly- polyhaline 	mixoeu- 
polyhaline mixoeu- haline 
haline 
Temperature range/°C at 
bottom 	............ 0.4-16.7 0.6-14.0 0.6-16.71 	3.0-12.8 
Oxygen 	range/mg/l 	at 
bottom 	............ 0. o-12.5 0.3-12.5 4.2-13.5 	2.9- 7.8 
Concentration 	of SWL 
in 	the 	surface 	water l 
(mean PBI) 	........ 200 I 	200 70 	100 
Type of substratum ... black sulphide sulphide 	sulphide 
organic clay, det- sandy 	sandy 
gyttja ritus clay clay 
sawdust detritus 	sawdust 
Loss on ignition (%ofd. 
wt. 	of the 	sediment) ? 4.5 4.8-7.7 	3.2-5.3 
Chlorophyll a 	cg/g dry 
surfaced 	mud 	.... 64- 93 ? 47 	31 
Uptake of oxygen ml/m= 
/h by the sediment at 
20°C 	............... ' 	61-225 49-87 37-50 	I 	24-86 
Macrofaunal community none Capitella- Capitella- 	 j Amphiura 
fuliginssa fuligino!a 	1, fZliformis- 
Syndos- I A. chiajei 
mya alba (Capit.- 
fuliginosa 
0-87.6 0.5-33. s 4.7-499.0 
Ciliate Ciliaia Ciliata 
Nenzatoda Turbellaria Turbellaria 
Nenratoda Nenialoda 
Harpacti- Polyche et 
coida 
18 000 15 000 160 000 
44-100 7-51 4-34 
moderate slight 	i slight 
5 
13, 14, 
16-19 
mixoeu-
aaline 
3.4-12.8 
4.0- 7.8 
100 
sandy or 
soft 
clay 
2.3-4.0 
24-31 
_Amphiura 
filiformis-
A. chiajei 
47-358 
Nematoda 
Polychaeta 
Harpacti-
coida 
5-38 
healthy 
6 
20 
mixoeu-
haline 
6.1-11. o 
0.3- 7.0 
80 
sulphide 
clay 
3.8 
42 
32-64 
Maldane-
fzliformis 
8. -12.9 
Foramini-
fera 
Nematodes 
Polychaeta 
15 700 
95.4 
slight? 
Biomass of macrofauna, 
g/m2 ...............0 
Dominant groups in 
meiofauna (micro- 	I 
fauna) ............. Ciliate 
Nemrratoda 
Maximum density/ma of 
meiofauna .......... 	24 000 
Proportion of limivorous 
species as % of the 
total number of speci- 
mens ..............j 	- 
Pollution grade heavy 
10 SUMMARY 
Several methods were used in evaluating the pollution grades of Saltkällefjord, 
which has received waste effluents from sawmills and a sulphite pulp and paper 
mill (cf. Table 23). The distribution of SWL (sulphite waste liquor) in different 
water masses was examined directly by measuring the Pearl-Benson Index or indirectly 
by measuring the chemical and biochemical oxygen demand of the water. The values 
of the 5-day BOD of surface water in the fjord were found to be in linear correlation 
with the SWL concentrations. The mean value of the BOD (c. 300 ppm per 1 000 ppm 
of SWL solids) obtained in the fjord suggests that the residence time of SWL in 
the fjord is rather short. Measurable amounts of SWL were seldom found in the 
intermediate water layers. Particulate materials, such as sawdust, wood chips and 
pulp fibres together with sewage and other organic aggregates carried by the Öre-
lcilsäly seem to be responsible for disturbed bottom conditions and poor fauna in 
the innermost parts of Saltkällefjord. The BOD values of the deposits obtained 
with the Warburg technique at 20°C, revealed that the oxygen consumption values 
of polluted sediments were 4-5 times as high as those measured on healthy bottoms. 
The maximum uptake of oxygen by sediments was observed on bottoms where 
sawdust and fibres were mixed with organic gyttja. The BOD values of »pure» 
sawdust were only about 50 % of the values of sawdust mixed with mud. The maxi-
mum BOD values of the sediment were measured in late autumn, when the tempera-
ture of the intermediate water layers reaches its maximum. The values of the uptake 
of oxygen by the sediment were measured also polarographically in December 1965. 
The test revealed that the uptake of oxygen in cores taken from different areas was 
almost equal at low temperatures, which suggests that the bottom of the fjord was 
inhabited by a community of organisms which were adapted to low temperatures, 
and whose metabolism was not dependent on the existence of pollutants in deposits. 
At higher temperatures this community became inactive and a new community of 
organisms cabable of living at higher temperatures and benefiting by pollutants in 
deposits became active. 
High concentrations of SWL in the surface water at the mouth of the Örekilsäly 
(maximum Pearl-Benson Index 1 170), especially during calm weather and under 
the ice-cover were assumed to limit the distribution of some littoral organisms. 
The fauna living in the Balanus-zone seems to suffer especially from pollution, while 
the species living in the Chironomus-elinguis community on silty bottoms appear to 
be better protected. The waste effluents were assumed to influence the littoral fauna 
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as follows: 1) by exerting a direct toxic effect, 2) by changing the substratum, and 
3) by affecting the food chains (disturbed vegetation). The toxic effect of SWL 
on the fauna is not easy to observe, since the low and fluctuating salinity of the sur-
face water at the head of the fjord and the high amounts of allochthonous material 
introduced by the river may also limit the distribution of littoral organisms. Some 
tests made with adult littoral crustaceans in different SWL concentrations, however, 
showed that concentrations having a Pearl-Benson Indel of 1 000 caused mortality 
in mysid populations. 
The analyses of macrofauna and meiofauna + Ciliata showed that the benthos 
differs greatly in different parts of the fjord. Analyses were made at 28 stations in 
all four seasons. The average density of the whole macrofauna (retained by 1 mm 
mesh) in the fjord was 1 434 ind/m". According to the percentage affinity between 
the fauna of different stations, the soft bottom macrofauna in the innermost parts 
of Gullmar Fjord was divided into five animal communities. These together with 
the number of species, mean density (ind/m'-) and mean biomass (g/m2) are presented 
in the following tabulation: 
Community Number of Moan density/ Mcaa biomass/ 
species ind/m- g/m= 
1. Cliironornuis-elingiiis 	.......... 25 4 331 6.6 
2. Capitella fuliginosa 	.......... 57 1 496 9.5 
3. Amphierra fliformir-A. 	chiajei 112 1 785 147.2 
4. Maldane-filiformis 	........... 35 642 11.2 
5. Melinna-tennis 	.............. 43 604 33.3 
The three shallow water communities (0.2-56 m) obtained with the affinity 
method seem to fulfil the requirements stated by Thorson for marine communities, 
while the Maldan- filiformis community is weakly defined. 
A close connection was observed between the distribution of the communities 
and the type of substratum. The Chironomus-elinguis community dominated on shallow 
silty bottoms at the head of the fjord; the Capitella fuliginosa community inhabited 
bottoms where the sediment was loose and the organic content high, especially in 
the polyhaline zone of the fjord; the Amphiura filijormis—A. chiajei community 
occurred mainly on muddy sandy clay bottoms in the zone with upwelling water, 
and the Maldane fliformis and Melinna-tenuis communities were predominant on 
sulphide clay bottoms at depths over 56 m. Both the diversity and vertical distri-
bution of the fauna in the substratum were smaller in areas contaminated by wastes 
than on healthy bottoms. 
The selective effects of the low oxygen content and the softening of the bottom 
in the innermost parts of the fjord seem to be responsible for the changes in the 
animal communities revealed by a comparison of the present material with the data 
of Lindroth (1935). When the pollution of the bottom was slight (as it is assumed 
to have been in 1932) some species probably benefited by the enrichment of the 
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bottom and the maximum occurrence of the benthic fauna was observed at the 
mouth of the Örekilsäly. During the last 30 years, however, the conditions in the 
area have become unfavourable for the majority of species and the previous Amphiura 
flIforrezir—A. chiajei and Syntlormya alba communities have been replaced by the 
Capitella-fuliginosa community. The changes in the communities may be summarized 
as follows: 
Area The possible animal The community 
community in 1932 in 1964-65 
Saltkälla Bay Syndosmya alba Syndornrya alba (in part) 
Capitella fidiginota 
The mouth of the Amphiura feliformis- Capitella fitliginosa 
Örekilsäly A. chiajei 
The middle parts Amphiura ftliforntis - _-4. filiformit —A. chiajei + Capilella fiiliginosa 
of Saltkällefjord A. chiajei on bottoms rich in sawdust 
The deepest channel Melinna- femis Maldane-filiformis (or an impoverished 
of Saltkällefjord Melinna-ie,mis community) 
During the last 30 years the diversity of the fauna has decreased near the river 
mouth, and within a small area no macroscopic animals were found. In 1964-65 
this area was inhabited by large numbers of saprobic ciliates. In 1965, the zone of 
maximum occurrence of the macrofauna was situated about 1.5 km farther seaward 
than in 1932. 
The epibiontic and suspension-feeding species seem to suffer especially from 
pollution, while it appears to favour deep-burrowing limivorous species, such as 
capitellids and oligochaetes, and some selective deposit-feeders such as spionids. 
Some indications of pollution are seen also in the deepest channel of Saltkällefjord, 
which at present is inhabited by limivorous maldanids and Heteromastus filiforrrns. 
The peculiar conditions in this channel are at least partly due to the limited exchange 
of water and stagnation. 
The boundaries between different animal communities in the fjord are not stable 
and the fauna displays wide seasonal fluctuations. During spring and summer 1965, 
the Capitella fuliginosa community was found to expand its area both in Saltkälle 
Bay and on the sawdust-rich bottoms in the middle parts of Saltkällefjord. 
The ecological valence of communities and species and their value as indicators 
of the quality of the water and the bottoms were discussed, and special attention 
was paid to the ranges of some environmental parameters (such as depth, salinity, 
temperature, oxygen content and type of substratum) in which different species 
and communities were found in the area. The species occurring in the polluted 
areas of the fjord were shown to be either shallow-water or eurybathic species. 
They usually had a temperature range of 0.6 to 18.2°C, salinity range of 20-33 o /oo, 
and oxygen range of 0.3-13.5 mg/l and they favoured bottoms with a high organic 
content and loose consistency. The species which avoided polluted areas were usually 
stenohaline, stenothermal and steno-oxybiontic euhaline species which had their 
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maximum occurrence on either sandy clay bottoms in the zone of upwelling water 
or deep bottoms in the middle parts of Gullmar Fjord. The benthic animals were 
divided into three groups according to their relation to pollution: a) species which 
were favoured by pollution and had their maximum occurrence in polluted areas, 
b) indifferent species, and c) species which were absent from polluted areas. The 
species which seemed to be favoured by pollution in Saltkällefjord include some 
ciliates (such as Metopus contorius and Prorodon cf. dubius), and some polychaetes 
(such as Ophiodromus flexuosus, Nerds diversicolor, Scolelepis firliginosa and Capitella 
capitata). The growth and densities of Thyasira flexuosa were greatest in slightly 
polluted areas. Some indifferent species were Pholoe minuta, Nereimyra punctata. 
Glycera alba, Nephtys incisa, Syndosmya nitida and Aloidis gibba. 
The type species groups occupying polluted habitats in different salinity zones 
in Saltkällefjord and in some other polluted localities on the west and south coast 
of Sweden were compared. The animal community inhabiting an area prior to pol-
lution yvas found to be important for the subsequent changes in the fauna, especially 
when pollution is slight. In all the salinity zones compared, wherever the oxygen 
content near the bottom was low, limivorous or selective deposit-feeding species 
dominated in the type species groups. In the oligo- and mesohaline zones such 
species are mainly oligochaetes and chironomids, while in more saline environments 
they are replaced by capitellids and spionids. In habitats where the oxygen content 
of the bottom water is higher and the bottoms are swept by currents, the fauna 
of polluted localities may consist of suspension-feeders, which are favoured by 
ample amounts of suspended particles. In meso- and polyhaline zones such species 
include Cardium lamarcki and Mya arenaria (as in the harbour of Gothenburg and 
in the Sound) but in the mixoeuhaline reach of Saltkällefjord Thyasira flexrrosa is 
predominant. 
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EFFECTS OF POLLUTION ON ESTUARINE ECOSYSTEMS 
II. THE SUCCESSION OF THE BOTTOM FAUNA 
COMMUNITIES IN POLLUTED ESTUARINE HABITATS 
IN THE BALTIC-SKAGERAK REGION. 
Pauli Bagge 
Institute of Marine Research, Helsinki, Finland 
The macrofaunal communities of five polluted estuaries situated in the Baltic-
Skagerak region and representing different salinity ranges are compared. The 
secondary succession of the animal communities caused by pollution reveals 
to be a rapid process, especially in localities where the exchange of water is 
limited by sills, ice-cover or retarded estuarine circulation. The use of aquatic 
organisms and communities as indicators of clean water and various degrees 
of pollution is discussed. 
1 INTRODUCTION 
In contrast to the synecologically stable conditions found in the deep sea communities, 
the estuarine environment seems to harbour communities with a high dynamic 
activity. In the course of geological time, marine animals have repeatedly invaded 
fresh water and land through estuaries and other routes and then reinvaded estuaries 
and the sea. The distribution of the organisms within an estuary in time and space 
is the product of the physical, chemical and biological gradients of the estuary and 
the limits imposed by these gradients on the genotypic physiological tolerance and 
behaviour of the total number of species available from all sources (cf. Carriker, 
1967). 
The changes in the estuarine communities are usually due to independent physio-
graphic changes such as alteration of drainage, erosion or silting. More rarely, they 
are caused by modifications produced by the action of each community on its own 
environment (so-called self-induced succession). One of the most important factors 
modifying the estuarine environment and causing so-called secondary succession 
in the estuarine communities is pollution. 
In order to compare the sequence of benthic animal communities in some polluted 
estuaries situated in the Skagerak-Baltic region, the following examples will be 
considered: (Fig. 1): 1) Saltkällefjord — an eastern branch of Gullmar Fjord, studied 
by the author in 1964-65 (Bagge, 1969) and by Leppäkoski in 1966-67 (Leppä-
koski, 1968), 2) the estuary of the river Göta älv (off Gothenburg) (Swedmark, 
1966, Tulkki, 1968, and Bagge, Eliason, Swedmark and Tulkki, unpublished), 
3) the mouth of the River Schlei (Neuen, 1967), 4) the harbour of Turku (Tulkki, 
1964), and 5) the Bay of Kokkola (in the Bothnian Bay) (unpublished material from 
the Institute of Marine Research, Helsinki). 
Most of the areas chosen for comparison are polluted by both domestic sewage 
and industrial wastes. In Saltkällefjord the main source of pollution (before the 
cessation of the sulphite pulp mill) were the wastes from a pulp and paper mill. 
Apart from this fjord, the localities are shallow (usually less than 20 m deep) and 
have a rapid exchange of water with no severe deficit of oxygen near the bottom. 
Since the discharge of the stream emptying into the Bay of Kokkola is very small, 
this area does not represent true estuarine conditions. In the most polluted habitats, 
the bottoms are characterized by sulphide clay or soft organic gyttja which may 
contain particles of faecal origin (as in the harbour of Gothenburg) or may contain 
sawdust and pulp fibre (as in Saltkällefjord). 
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Fig. 1. The location of the areas mentioned in the text 
1. Saltkällefjord 	2. Gothenburg 	3. Schlei 	4. Turku 	5. Kokkola 
The localities compared represent different salinity ranges, their conditions 
varying from oligohaline to mixoeuhaline (cf. Venice System, 1958). The Bay of 
Kokkola is oligohaline (salinity of bottom water about 3 °Ioo), the harbour of Turku 
mainly P-mesohaline (salinity 5-6 0/co) and the estuary of the Göta älv mainly 
polyhaline. At the mouth of the River Schlei mesohaline zones are predominant, 
-while the main part of Saltkällefjord is mixoeuhaline (Bagge, 1969). The fluctuations 
in salinity are small in the Baltic localities, while the mesohaline localities on the 
west coast of Sweden are usually poikilohaline. 
2 THE BENTHIC FAUNA OF THE POLLUTED HABITATS 
The lists of the species inhabiting the different salinity zones of the areas compared 
are presented in Table 1. The samples were taken mainly with the Petersen and 
van Veen grabs and sieved with a 1 mm net (cf. Bagge, 1969). Only the dominant 
species and the commonest by-species (associated species) are included in the lists. 
The lists show a remarkable correspondence between the faunae of different habitats 
in the same salinity zone. This is due to the wide distribution of some euryhaline 
species such as Nereis diversicolor, Corophium volutator and some molluscs in the Baltic-
Skagerak area. There are, however, also great differences in the composition of the 
faunae in the areas compared, which may be due to both ecological and historical 
factors. For example, the dominant species in the polluted habitats in the Bay of 
Kokkola include Euilyodrilus hammoniensis and midge larvae of the Chironomus tlumosus 
type, while in the oligohaline zone of Saltkällefjord 1Vais elinguis and Chironomus 
thummi larvae predominate. It should be mentioned that in the last-named locality 
the currents are an important ecological factor. Similarly the dominant species in 
the estuary of the Göta älv include Polydora ciliata and Capitella capitata, while in 
the polyhaline zone of Saltkällefjord the former is replaced by Scolelepis fuliginosa. 
The polluted habitats in the estuary of the River Schlei are inhabited by some peculiar 
polychaetes such as Alkmaria romjni and Streblospio shrubsoli, which are totally absent 
from the other areas discussed. 
In all the salinity zones compared, it seems that wherever the oxygen content 
near the bottom is low there is a tendency for limivorous (non-selective deposit-
feeding) species or some selective deposit-feeders to dominate in the type species 
groups. In the oligo- and mesohaline zones the dominants are mainly oligochaetes 
and chironomids, while in the more saline environments these are replaced by capi-
tellids and spionids_ The biomass of the benthos in such habitats is usually low 
owing to the small size of the inhabitants. In habitats where the oxygen content 
in the bottom water is higher and the bottoms are swept by currents (as in the harbour 
of Gothenburg) the fauna of polluted localities may include suspension-feeders, 
which are favoured by water with an ample amount of suspended particles. In meso-
and polyhaline zones such species include Cardium lavnarcki and Mya arenaria, but 
in the mixoeuhaline parts of Saltkällefjord Thyasira flexarosa predominates. The bio-
mass of polluted localities inhabited by suspension-feeders is usually much higher 
than that on normal bottoms (Fig. 2). 
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TABLE 1. The dominant (D) and the most important by-species (B) in the polluted habitats of 
the estuaries compared 
SALT- 	GOTTEN- SCHLEI TURKU KOKKOLA 
KALLE- BURG 
FJORD 
I 
B 
B 
B 
B 
D 
B 
D 
B 
B 
B 
OLIGOHALINE ZONE 
Proslomaiella obscura ..... 
Nais elinguir ............ 
Euilyodri*lus harmonienris . 
(Tttbificidae) ............ 
Nereir sp ............... 
Aselltu aquaiicus ........ 
Me,ridolea enlo non ....... 
Corophium solida/or ...... 
Chironomus gr. thummi ... 
Chlrononnu gr. plumosus . 
(Chironomidae) ......... 
Paludestrina jenkinsi ...... 
MESOHALINE ZONES 
Nair elingttis ............ 
Tttbifex costatttJ ..... .. . 
Peloscolex benedeni ....... 
Nereis diversTcoIar ........ 
N. succinea .............  
Poydora cilia/a .......... 
Pygospio elegans ......... 
Streblospio shrubsoli ...... 
Alkmaria romijni ........ 
Capitella capiiata ........ 
Corophiuen inidiosn,,ri ..... 
C. voltdator ............ 
Chirononufs gr. halophiteu 
Chironomus gr. sa/irrin 
Mya arenaria ........... 
Macoma baltica .......... 
POLYHALINE ZONE 
Peloscolex bededeni ...... 
Ophiadromus HCZuoIitI . . 
Nereis diversicolor ...... 
Po! 'dora ciliata ........ 
Scolelepis fitliginosa ..... 
Scoloplo.r armiger ....... 
Capite/la capitata ...... 
Ampharete grubei ...... 
Philine aperla ......... 
_Aloidis gibba ......... 
Mya arenaria ......... 
Cardium laneareki ..... 
D — 
— 
— B 
— B  
B ? 
D - 
- I? 
D D 
— 	 B 
D 	— 	- 
D — 	I 	B 
B 	— 	I 	B 
B D B 
— 	— 	D 
D 
— B 
— 	 D 
— D 
B 	— 	B 
D - 
B 	— 	D 
D — ? 
B 	— 	? 
— — D 
— 	 B 
fC? 
D 
D 
B 
D 
B 
B 
B 
D  
I 	D 
B 
D 
D 
B 
B 
D 
D 
D 
B 
MIXOEUHALINE ZONE 
Scolelepis fuliginosa ................... 
Capitella capitata .................... 
Heteromasttu fzliformis ................ 
Thyasira flexuosa .................... 
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Fig. 2. The biomass of the benthic macrofauna (g/m2) along the longitudinal section of the estuary 
of the Göta älv in autumn 1964 
3 CHANGES IN THE ANIMAL COMMUNITIES DUE TO POLLUTION 
The distribution of different benthic communities in Saltkällefjord in 1932 and in 
1964-65 is presented in Fig. 5 as an example of the rapid succession of benthic 
animal communities in a polluted estuary. The locations given for the communities 
in the fjord in 1932 are based on the data of Lindroth (1935). When the pollution 
of the bottom at the head of the fjord was slight (as it is assumed to have been in 
1932) many species probably benefited by the enrichment of the bottom and the 
maximum occurrence of benthic species was observed near the mouth of the Öre-
kilsäly. During the last 30 years, however, the conditions in the area have become 
unfavourable for the majority of species and the previous Amphiura filiforris — Arrrphi-
ura chiajei community has been replaced by the »polysaprobic» Capitella capitata -
Scolelepis fuliginosa community. During this process the diversity of the fauna has 
decreased and a small area just off the river mouth has lost all macroscopic animals. 
In 1965, the zone of maximum occurrence of benthic macrofauna was situated 1.5-
2 km farther down the fjord than in 1932. The epibiontic and suspension-feeding 
organisms seem to have suffered especially from pollution, while some limivorous 
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communities in the estuary of the Göta älv in 
1946 and in 1964-65 
Fig. 4. The number of species present at 
different stations in the estuary of the Göta 
älv in 1946 and in 1964-65 
species, such as capitellids and oligochaetes, and some selective deposit-feeders, 
such as spionids, have been favoured by it. A similar trend towards the predominance 
of limivorous species was also found in the previous Syndosmya alba community in 
Saltkälle Bay, although it had not been totally replaced by the Capitella fuliginosa 
community in 1964. Some indications of pollution are seen also in the deepest channel 
of Saltkällefj ord where limivorous maldanids and Hetero»rastus filiformis predominated 
in 1964-65 and many species had disappeared since Lindroth's investigation. 
The changes in the benthic communities in the estuary of the Göta älv do not 
seem to be as drastic as those in Saltkällefjord, which may be due to the better aeration 
of the bottom in the former area. However, the distribution of the animal com-
munities in 1964-65 (Fig. 3) reveals that a clear expansion of the Capitella capitata -
Polydora ciliate community has taken place during the last 20 years. The values for 
1946 (in Fig. 3) are based on the investigations of Mr. Georges Stålberg (the Museum 
of Natural History, Gothenburg) (cf. Swedmark, 1966). Outside the Capitella-ciliata 
community the bottom is inhabited by an impoverished NezShtju-nitida community 
A comparison of values for 1946 and 1964-65 (Fig. 4) shows that the greatest 
decreases in the numbers of macrofaunal species have occurred in the northern 
and western parts of the estuary. 
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Fig. 5. The distribution of the benthic animal communities in Saltkällefjord in 1932 and in 1964— 65 
The high number of polychaetes, including Capitella capitata and Polydora ciliata, 
in the bottom fauna of the mesohaline zones of the estuary of the River Schlei in 
1960 also indicates disturbed bottom conditions. According to Nellen (1967), the 
amount of pollution in the area has increased during the last 20 years and many 
species found in 1932-33, especially those inhabiting the phytal zone, were absent 
in 1960. 
4 THE »CLIMAX» COMMUNITIES IN POLLUTED ESTUARINE 
HABITATS 
The type species groups of the polluted estuaries discussed seem to differ from each 
other, although certain similarities may be seen between the composition of their 
faunae. The divergences are presumably due to various abiotic factors, to differences 
in the composition of the communities living in the area prior to pollution and to 
variations in the strength of pollution. The succession of the bottom fauna and 
the possible »climax communities» in the polluted habitats under consideration are 
presented schematically in Table 2. The estimates of the strength of pollution are 
based principally on the amount of dissolved oxygen occurring in the bottom water 
and the type of substratum. In the heavily polluted zone there is usually oxygen 
depletion during at least some portion of the year. The nature of the previous com-
munity has been determined by reference to earlier investigations made in the area 
(as in Saltkällefjord and in the estuary of the Göta älv) or by assuming that the fauna 
inhabiting healthy bottoms near the polluted area represents the fauna of this area 
prior to pollution. 
The occurrence in a locality of high numbers of certain organisms such as Capi-
tella capitata, Polydora ciliata, Chironomus plannosars etc. may be evidence of polluted 
conditions. However, great caution must be exercised when considering the value 
of aquatic organisms as indicators of pollution, since there are several complicating 
circumstances (cf. Gaufin and Tarzwell, 1952). Firstly, many organisms which occur 
in large numbers in polluted localities may also been found in limited numbers in 
cleaner situations. Secondly, many species occur in such small numbers as to detract 
from their individual use as indicators. Thirdly, there are several other ecological 
factors besides the presence of pollutants which may limit the distribution of some 
species. Consequently, it would appear that changes in benthic associations may 
better indicate the distribution and strength of pollution than the occurrence or 
absence of individual species (cf. Gaufin and Tarzwell, 1952, Hynes, 1963). As was 
further stated by Gaufin and Tarzwell, some other features of the aquatic animal 
community (besides merely qualitative changes) are important in evaluating the 
degree of pollution of a habitat. Such features are: 1) the absence or greatly reduced 
number of clean-water species which were formerly present, 2) the quantitative com-
position of the community, 3) the absence of certain feeding types, and 4) a decrease 
in the diversity of the fauna. 
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TABLE 2. The type species groups and the »climax communities» in the polluted habitats of the 
areas compared 
Oligohaline zone (Bay of Kokkola) 
	
Previous community ...... 	Pontoporela afinis — Mesidotea en/omen 
»climax community>) 
a) slight pollution ...... 	Corophium vD!et1a1or — Ee'i!'odri1i.v hamrimonemsi.; 
b) heavy pollution ...... 	Chironomus p12/macus 
2. f-mesohaline zone (Turku, Tulkki, 1964) 
Previous community ...... 	Macoma ballica 
»climax community» 
a) slight pollution ...... 	Macoma ballica — Corophiiun va/ula/or 
b) heavy pollution ...... 	Chironomur plumosus 
3. a- and 14-mesohaline zones (Schlei, Nellen, 1967) 
Previous community ...... 	? 
»climax community» 
a) slight pollution ...... 	Polydora ciliala — Corophiune vo/utator 
4. Polyhaline zone (the estuary of the Göta älv) 
Previous community ...... 	1Vephtys — nilida (in part) 
»climax community» 
a) slight pollution ...... 	Mya arenaria — Cardium lamarcki — Corophium spp. 
b) heavy pollution ...... 	Capitella capitata — Polydora ciliala 
5. Polyhaline zone (Saltkällefjord) 
Previous community ...... 
»climax community» 
a) slight pollution ...... 
b) heavy pollution ...... 
Syndosmya alba (in part) 
an impoverished Syndasmya community 
Capiiella capitata — Scolelepis fuliginosa 
6. Mixoeuhaline zone (Saltkalle£jord) 
Previous community ...... 	Amphitrra fzliformis — Amphiura chiajei 
»dimax community» 
a) slight pollution ...... 	A. filiformis—A. chiajei, Capitella fuliginosa (periodically) 
b) heavy pollution ...... 	Capitella capitala — Scolelepis fe'Iiginosa 
Since wide fluctuations in both hydrographic factors and benthic animal popu-
lations also occur in natural conditions (cf. Segerstråle, 1960, Tulkki, 1965, among 
others) some caution must be used in assessing the extent of pollution on the basis 
of the animal communities. 
Within the Baltic-Skagerak area, which is characterized by weak tides, cold 
winters and sharp vertical stratification of the water masses, especially during the 
warm season, some abiotic factors, such as salinity and temperature, are clearly 
of great importance for the fauna. Many of the species are living at the northern 
limit of their distribution area and are thus sensitive to climatic changes and the 
same is true of some arctic species which are survivors from the early post-glacial 
period. The salinity of the surface water is usually low even on the west coast of 
Sweden which is swept by the Baltic current. The exchange of water near the bottom 
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is often limited by sills and stagnation frequently occurs in the large basins lying 
below the sill depth, which are thus particularly liable to pollution. Owing to these 
factors there may be a scarcity of bottom animals which makes it difficult to draw 
any conclusions in regard to organic pollution (cf. Bagge and Voipio, 1967). Areas 
with anoxic bottom may, however, in relatively short time be repopulated after 
exchange of deep water with oxygenated water (cf. Tulkki, 1965, Beyer, 1968). 
5 SUMMARY 
The benthic faunae of five polluted estuaries situated in the Baltic-Skageralc region 
have been compared. The localities represent a gradation from oligohaline to mixo-
euhaline conditions. In all the salinity zones compared, wherever the oxygen content 
of the bottom water is low, limivorous or selective deposit-feeding species predomi-
nate in the type species groups. In the oligo- and mesohaline zones such species 
are mainly oligochaetes and chironomids, while in a more saline environment these 
are replaced by capitellids and spionids. The secondary succession of the benthic 
animal communities caused by pollution was shown to be a rapid process, especially 
in localities where the exchange of water is limited. 
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